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BONDING OF RUBBER TO PLASTIC IN FOOTWEAR 



RACKGROUN n OF THE INVENTION 

1. yifffrt t}f the Invention 

The invention relates to the formation of a chemical bond between 
relativdy elastic and relatively inelastic materials, for example, between robber 
and plastic materials. In particular, the invention relates to an outsole of an article 
of footwear and methods of maldng the outsole wherein the outsole comprises both 
relatively elastic and relatively inelastic materials which are chemically bonded 
together. 

2. 2nSLM, 

Elastic and inelastic materials have been used in the construction of articles 
of footwear for many years. FarticuUuly, robber materials have been widely used 
in die fabrication of midsoles and outsoles of aiticks of footwear. Rubber and 
plastic elements frequently are placed in direa communication with one another 
in the bbricaiiim of an article of footwear with conventional fixation methods 
inchufing stitching, riveting, screwing, nailing, and the use of various adhesives. 

The use of adhesives has numoous disadvantages. Adhesives often are 
volatile and harmful to the environment both in the emission to the atmosphere of 
noxious gases and in the emission to the surrounding environment of the adhesives 
and their by-products. Adhesives also typicaUy do not form a fovocable bond 
between the rabbet and plastic and hence, the materials are prone to rip and tear 
when the adhesive bond foils. 

The use of adhesives also often requires the labor intensive stq)S of 
toughing at least one of the material surfaces to be joined, applying primer and 
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adhesive, fitting the components, and applying both heat and pressure in order to 
activate the cement system and fonn a mechanical bond between the adjoining 
robber and plasUc materials. This process is time consuming, labor intensive, 
expensive, and presents numerous opportunities for human, material, or 
environment variables to adversely influence the quality of the mechanical bonds 
and associated products. TIms adhesive bond formed is prone to delamination of 
plastic and rubber as the resuh of bond failure induced by fatigue and environmen- 
tal degradation. 

Diiert mjeciion of plastic and rubber to one another, to leather, and to 
many of the natural and synthetic textiles commonly used in the manufacture of 
articles of footwear also is known. See U.S. 4,481.727 to Stubblefield (double 
pour mold or double density injection process). Direct injection also has its 
disadvantages in that it commonly employs heat, pressure, various primers, and 
the technique of unpregnating textUes with the plastic and/or the rubber material 
in Older to enhance the quality of what is nevertheless substantiaUy a mechanical 
bond fonned between the elements. The mechanical bond formed by direct 
injection also is pnrae to delamination of plastic and rubber as the resuh of bond 
failure induced by fatigue and environmental degradation. 

The fonnation of a chemical (covalent) bond between specific rubber and 
plastic articles b known and described in U.S. Patent Nos. 4,816,345 and 
4,921,762 to Jadamus et al. U.S. Patent No. 4,816,345 discloses the bonding of 
a molded piece of a polyphenylene ether-containmg polymer and a moUed piece 
of an dastomeric thermoplastic block copolymer of the type A-B-A, wherein A 
represents a styrene block and B represents a soft phase block, for example a blodc 
of polymerized conjugated diene which may or may not have been selectively 
hydiogenated. TTie bonding is achieved by heating of tfie two pieces while 
contacting each other. The bonding mechanism is not known, but is distinguished 
from vulcanization. U.S. Patent No. 4,921,762 disclose a fxocess for bonding a 
thennoplasticpolyphenylene-etiier-containing polymer and a rubber (EPDM and/or 
styiene-butadiene robber) by covulcanization, wherein tije robber portion contains 
perondic vulcanization agents and vulcanization activators. Additionally, in tiie 
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backgiound then»f. it is disclosed as known that SBR and EPR rubbcR and 
polybutadienes have high adhesion to polysulfones, polycaibonaies and certain 
polyphenylene «hers after a thermal treatment 

Further, vulcanization is known is the art as a means of attaching shoe 
portions to each other. U.S. Patent No. 4.130,947 to Denu discloses an outsole 
layer extending acK>ss the entire bottom of the shoe which has been vukanized to 
a softer midsole layer. U.K. Patent Specification No. 298,718 to Looms et al. 
discloses vulcanizing a separate forefoot tread member and a heel tread member 
to a sole base or foundation. U.S. Patent No. 4.676,010 to Cheskin discloses a 
sole having a plurality of discontinuous and independent outsole pieces attached to 
the lower surface of the midsole by vulcanization. The exposed lower surface of 
the midsole is asserted as making a significant contribution to the flexfl>iHty and 
weight reduction of the sole. However, because of tiie chemical make up and the 
dissunilar properties of nibbers versus thennoplastics and thennoplastic elasto- 
mers, vulcanization of one to the other widiout pretreatment of one or botii 
substrates cannot effectively be achieved. 

The aforementioned metiiods of chemically bonding nibber and plastic 
togeUier typically utilize expensive machinery, and specific raw materials. In tiie 
footwear industry, in particular, manufacturing cost is of paramount concern, 
•nws. tijere is a need in ttie art for reduction of costs of pKxiuction including 
improving efficiency of manufecture and decreasing U» cost of raw materials. 

It is generally known tiuit the use of gnwves in tiie outsole of an article of 
footwear impnwes the flexibility of tiie sole. See U.S. Patent No. 4,562,651 to 
Frederidc. U.S. Patent No. 5,012,597 to Hiomasson also discloses tiat tiie 
grooves reduce U» tiiickness of tiie sole bottom at tiieir locations and render ttie 
sole easier to bend at tiie locations of tfie gnxives in tiie direction peipendicular 
to tiie gn)oves. Hie fonnation 'of gnwves in tiie outsole and/or midsole for an 
article of footwear typicaUy entails additional manufectoring or processing steps 
or tiie use of special molds designed to include tfie gnwves. Hius, tfwre exists a 
need to provide for enhanced flexibiHty in an outsole for an article of footwear 

wWch does not require the use of grooves. 
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U.S. Patent No. 5,024,007 to DuFtour discloses that a walking sole for a 
golf shoe which comprises an outsole comprised of a relatively rigid molded 
plastic material and an elastic pbstic material has improved longitudinal flexibility 
and a greater degree of tiansverse rigidity. The elastic plastic material fills 
notches and elongated openings present in the relatively rigid molded plastic 
material. Outsoles comprised entirely of plastic materials typically are inappropri- 
ate for most articles of footwear, i.e.. athletic footwear such as shoes for running, 
basketball, tennis, racquetball. etc. TTie excess rigidity, weight and lack of 
traction render outsoles comprised entirely of plastic materiab undesirable for use 
*m most atidetic footwear. Outsoles comprised entirely of rubber materials for 
articles of footwear can lack necessary support. 

Thus, ttiere also exists a need to formulate an article of footwear which 
comprises an outsole having various physical and mechanical properties in different 
regions, and wherein these regions are adequatdy bonded to one another. There 
exists a need to provide an outsole for use in an article of footwear which has 
greater flexibility, less weight and has sufficient durability. AdditionaUy. there is 
a need to provide an efficient and economical mctiwd for bonding relatively elastic 
and reUtively inelastic materials for use in an article of footwear wiUiout utiliztog 
adhesives. 

SUMMARY Q V THE INVENTION 

TTie invention is directed to an article of footwear comprising relatively 
elastic and rchtivdy inelastic materiab chemicaOy bonded tc)gcther. Inoneaspect 
of tiie invention, plastic and rubber materiab are bonded together to improve the 
flexibility of an outsole of an article of footwear. The invention abo b directed 
to tiie febrication of new or improved devices and elements for use in articles of 
footwear and tiieir associated metiiods of constroction such as closure mecbanbms 
comprising rebfively elastic straps bonded to relatively inetostic anchor portions 
and vice versa, articulating inelastic and ebstic exoskeleton constructions useful 
in skates and ski boots and elastic or inetostic eyelets surrounded by inebstic or 
elastic materiab, respectively. TTie invention abo b directed to chemically 
bonding relatively elastic to relatively inelastic materiab for use in protective 
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athleUc equipment such as helmets and protecUve padding, and for use in 
prostatic devices. 

In accoidancc with one aspect of the present invention, relatively elastic 
and relatively inelastic materials are chemically bonded together to improve die 
flexibility of outsoles for use in articles of footwear. Specifically, robber and 
plastic materials are chemicaUy bonded together to forai flex lines or segments in 
the outsole. The flex lines or segments typically comprise the rubber componem, 
and the remainder of the outsole comprises the plastic componoit. The robber and 
plastic materials also may be arranged and chemicaUy bonded to form an outsole 
having various configurations of the components so that improved flexibility is 
attained. The materials also may be arranged so that traction elements are present 
on the outsole. The relatively elastic and relatively inelastic materials also may 
be chemically bonded to form enclosure devices such as straps, eyelets, exoskele- 
ton stnicdircs for use in skates and ski boots, heel plates, as weU as other various 
functional applications on articles of footwear requiring or benefitting from the 
inteiplay of relatively elastic and inelastic materials chemically bonded to each 
other. 

The articles of footwear nuute in accordance witii Uie present invention are 
easy to manufiicture, have reduced costs due to ease of manufacture and reduced 
amounts of raw materials, minimize or eliminate die use of adhesives, have 
improved flexibility and improved adhesicm characteristics when compared to 
articles of footwear comprising plastic and rubber clastic materials bonded by 
conventional adhesives. Tliese and ottier various feannes, advantages and objects 
of the present invention wiU be apparent from U»e following detailed description 
of the nnbodiments. 

TOICT DESCRn riON OF TOE DRAWINGS 

Figure 1 is a plan view df a "v-flex" footwear outsole showing tiie use of 
robber bonded to and joining adjacent plastic outsole segments wherein the robber 
flex lines form a v-shape and replace ibe "v-grooves" of the prior art. 
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Figure 2 U a cross-sectional view of the footwear outsole shown in Figure 
I along line A-A showing nibber material extending b^een indqpendent segments 
of plastic outsole plate material. 

Figure 3 is a plan view of a footwear outsole showing the use of rubber 
bonded to and joining three plasdc outsole segments forming nibber flex lines 
located about and underlying the ball of the foot in die area of the forefoot. 

Figure 4a is a plan view of a footwear outsole plate located about and 
underlying the forefoot showmg rubber bonded to and joining adjacent plasdc 
outsole segments forming rubber flex tines about both the medial-to-lateral or 
transverse axis and the anterior-to-posierior or longitudinal axis. 

Figure 4b is like Fig. 4a and further shows the areas of contact of the 
forefoot above the outsole dq>icted. 

Figure 4c is a plan view of an alternate embodimoit of a footwear outsole 
plate similar to that shown in Figs. 4a and b. 

Figure 4d is a cross*sectional view of the outsole plate shown in Figure 4c 
along line J-J. 

Figure 5 is a plan view of a footwear outsole plate showing rubber bonded 
to adjacent plastic outsole segmrats located in the area about and underlying the 
heel of the foot forming a rubber flex line along line M therebetween, cme of the 
segments generally corresponding to the rearfoot strike zone. 

Figure 6 is a plan view of a footwear outsole showing nibber cleats, or 
tracdon elements bonded to plasdc elements of a footwear outsole and v-shaped 
rubber flex lines along lines B*B and C-C. 

Figure 7 is a plan view of a footwear (mtsole showing plastic cleats, or 
tracdon elemrat bonded to rubber elemrats of a foc^ear outsole and v-shaped 
plastic flex lines along lines B-B and C-C. 

* Figure 8 is a plan view of a footwear outsole showing a rubber segment 
located in the area about and underlying the midfoc^ bonded to two plastic plate 
portions generally corresponding to and uiKtolying the rearfoot and forefoot areas. 

Figure 9 is a plan view of an ahemaie onbodiment of a " v-flex" footwear 
outsole showing the use of wedge-shaped mbber segments bonded to a plastic 
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outsole at correspoading wedge-sfaaped notches therein so as to enhance the 
flexibility of the footwear outsoie in at least one select area and along at least one 
select line of flexion such as lines B-B and C-C. 

Figure 10 is a plan view of a footwear outsoie showing two segments of 
rubber bonded to a plastic outsoie plate that are substantially located about the 
medial and lateral aspects of the area of the footwear outsoie underly'mg the 
midfo(A* 

Figure 11 is a plan view of a footwear outsoie plate showing a rubber 
segment inserted into a corresponding void in a plastic outsoie plate and bonded 
thereto along the perim^r of the rubber segment in the area about and underlying 
the calcaneus of the foot. 

Figure 12 is a plan view of an approximately three quarter length rubber 
outsoie affixed to a plastic spike plate which substantially underlies the area of the 
forefoot. 

Figure 13a is a plan view of a footwear outsoie showing a plastic element 
located in the area about and underlying the midfoot bonded to at least two mbber 
outsoie elements located abcmt and underlying the area of the forefoot and rearfoot 
wherein the various segments have inclined surfaces to increase their respective 
bond surfaces. 

Figure 13b is a cross-sectional view of Fig* 13a along line I3b-13b. 

Figure 14 is a lateral per^)ecdve view showing a plastic heel counter 
bonded to a rubber footwear outsoie. 

Figure IS is a lateral perspective view showing a plastic stability device 
located abcNit the lateral aspect of the midfoot bonded to a mbber foc^ear m 

Figure 16 is a lateral perspective view showing an devated rubber toe wr^ 
bonded to a rubber footwear outsoie. 

Figures 17a-c show cmsl sectional views bisecting various embodiments 
of a traction element for footwear showing various configurations for bonding 
plastic and rubber portions thereof. 

Figure 18 is a lateral view of an article of footwear showing a plastic 
stability strap bonded to a mbber footwear outsoie. 
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Figure 19 is a lateral view of an article of footwear showing a plastic 
stability stn^ bonded to rubber in the area of the junction of the strap to a plastic 
footwear outsole. 

Figures 20 a and b are a posterior perspective view and a partial lateral 
view, respectively, of an article of footwear showing a rearfoot strsqp constniction. 

Figure 21 is a partial plan view of a stability strap diowing the use of 
plastic and mtibet materials in the area about an eyelet for a dioelace. 

Figure 22 is a lalwal perspective view showing an articulating hockey skate 
boot upper 

Figure 23a and b are a lateral per^)ective view and a top plan view, 
respectively, of a plastic stability element bonded to a rubber footwear outsole 
member. 

Figure 24 is a cross-sectional view of a plastic plate which is at least 
partially contained within the midsole of an article of footwear bonded to a rubber 
footwear outsole member and to the midsole member. 

Figure 25 is a graphical presentation of the results of Example 3 wherein 
the ttexibility of abar of plastic was compared to the flexibility of a notched bar 
of plastic and a bar of plastic to wWch has been chemically bonded some rubber 
material. 

n pf ^n.lgn DESCRIPTION 

The present invention is based on the improved flexibility aiMi durability for 
articles of f oc^wear that can be attained by ctemicaUy bonding relatively elastic 
and relatively indasdc materials which conqmse the chemical constituency of 
various portions the footwear article, for example of the outsole. Moreover, 
use of tezardous bcmding materials such as adhedves is minhnized or ratirely 
avoided. Tte present invention also provide for an outsole of an article of 
footwear comprising the chemically botKied relatively elastic and relatively 
inelastic materials which las Peduced thickness so that the resulting shoe is Hghter, 
more flexible and costs less to manufacture. 

For sample, an advantage of the pres^ invention in an outsole 
embodhnent verais die discontinuous wtsole pieces of Cbeskm (U.S. Patent No. 
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4,676,010), Cheskin does not disclose or discuss bonding ridged plastic to robber. 
Fuitber, Cheskin discloses a continuous midsole with discontinuous outsole pieces 
bonded thereto by vulcanizaticHi. On the other hand, in an outsole embodiment 
of the piesent invention, the outsole is a bonded composite of alternating plastic 
S and lubber elements^ for example as shown in Figure 2. This eliminates the 

groove discontinuities present in the outsole of Cheskin and therefore improves 
wear of the outsole, e.g. enhancing the wear in the forefoot of tennis shoes. 
Further, such a composite outsole can improve traction on some surfaces, e.g. 
enhancmg traction for basketball shoes by proper selection of materials and also 
10 by increasing the surface area of the outsole being used. Further, the continuous 

outsole can avoid damaging some surffices, e.g. clay tennis courts, via sharp edges 
produced by grooves such as those presrated in the discontinuous outsole of 
Cheskin. Further, this also produces a less likelihood of tripping resulting from 
the absence of such sharp edges produced by these grooves. 
IS In one aspect of the invention, plastic and rubber materials aie chemically 

bon(ted together to form an outsole of an article of footwear. For exanq>le, the 
plasdc and rubber materials are chemically bonded thrcHigh reactive functional 
groups either at the terminal ends or in the side chains of the polymeric plastic and 
mbber materials. The polymeric plastic or rubber materials may inidaUy comprise 
20 the fimctional groups, or may be modified by reaction with a compos 

desired functional group to achieve the reactive functionality. 

Throughout the 9)eciftcation and claims, die phrases "relatively ela^c* and 
"relatively inftlajcric* mean that the materials are ela^c and melaslic relative to one 
another. F6r exanqile, the two materials may be elastic in the traditional sense, 
25 but a requirement of the present invention is that one of the materials have a 

greater elasticity Aan the other. Thus, relative to one another, one material is 
"relatively elastic" and the otheris "relatively inelastic". Acconfingly, "relatively 
elastic" and rubber may be used interchangeably and "lelarivdy inelastic" and 
plastic may be used interchangeably throughout the specification and claims. 
30 Any relatively inelastic material may be iised in accordance with the present 

invention as long as the relatively inelastic material is capable of forming a 
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chemical bond with the relatively elastic material. Alternatively, the relatively 
inelastic maierials may be modified to include pendent reactive groups which 
provide this capability. The relatively inelastic material may be primarily a solid 
material or may be foamed or blown using foaming and blowing agents, and may 

5 be foamed or blown by methods known in the art. 

In particular, relatively inelastic materials useful in the present invention 
are plasdc materials which typically have a hardness within the range of about 60- 
98 Shore A, and 25-90 Shore D, per ASTM D-2240. The modulus for desirable 
plastic plate materials useful in the present invention typically is from about 60 

10 kg/cm^ at 30096 elongation to about 375 kg/cm^ at 10% elongation, per ASTM D- 

412. Preferably, the plastic materials useful in die present invention have a 
hardness within the range of about 75-95 Shore A, and 35-80 Shore D, and more 
preferably, within the range of from about 85-90 Shore A, and 45-75 Shore D, 
Plastic materials with a Shore A tanging from about 65 to abcmt 75 are particularly 

IS useful as outsole materials. Plastic materials with an Asker C ranging from about 

45 to about 65 are particularly useful as midsole materials. Preferably, the 
modulus of plastic materials useful in the present invention b within the range of 
about 80 kg/cm^ at 300% elongation to about 350 kg/cm' at 10% elongation and 
most preferably within the range of from about 1 10 kg/cn? at 300% elongation to 

20 about 300 kg/cm^ at 10% elongation. For example, the prior art discloses that the 

thermoplastic multiblock oq)olymer elastomers used to make the midsoles typically 
have a Shore D hardness of from 2S-45» preferably 30-43. WhM foamed if 
greater than 45, these elastomers do not have aifficient flexibility for midsole 
£^lications; and if less than 25, they have insufficirat wdght bearing ca^ility. 

25 See U.S. 4,984,376 to Waller al., incorporated herein by reference. 

Any relatively elastic nuiterial which is capable of chemically bondmg with 
the relatively inelastic materia! employed may be used. Alternatively, the 
relatively elastic materials may be modified to include pendant reactive groups 
which provide this capability. The relatively elastic material may be primarily a 

30 solid rubber material or may be foamed or blown by incorporaticHi of known 
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chemical or physical blowing agents. The relatively elastic materials are 
preferably lubber materials, including synth^ic and natural rubber materials. 

Typically, solid rubber materials useful in accordance with the invention 
have a hardness within the range of 30-90 Shore A Durometer, per ASTM D- 
2240. Preferably, the solid rubber materials have a hardness within the range of 
from about 40-80 Shore A Durom^er. and more preferably within the range of 
from about 50-70 Shore A Durometer The tnodulus of solid rubber materiak 
useful in the present invention at 300% elongation is from about 10 to about 90 
kg/cm^ per ASTM D-412. Preferably, the modulus at 300% elongation is within 
tiie range of from about 20-80 kg/cm?, aiKi more preferably from about 30 to about 
70 kgW. 

The hardness of a foamed or blown rubber material useful in the present 
invention typically ranges from about 20 to about 90 Asker C Durom^r, and the 
modulus of the foamed or blown rubber typically rang^ from about 10 to about 
90 l^cm^ at 150% elongation, from about 10 to about 80 kg/cmP at 200% 
elongation and from about 10 to about 60 kg/cm? at 300% elongation, per ASTM 
D-412. Preferably, the hardness of a foamed or blown rubber material ranges 
from about 50 to about 80 Asker C Durometer, and more prefmbly from about 
40 to about 70 Aster C Durometer. Preferably, the modulus of the foamed or 
blown mbber ranges from about 10 to about 80 kg/coo? at 150% dongation, from 
about 20 to about 70 kg/cm^ at 200% elongation and from about 10 to about 50 
kg/cm^ at 300% elongation. More preferably, the modulus of the foamed or 
btown rubber ranges from about 20 to about 60 kg/cnf at 150% elongatkm, from 
about 30 to about 60 kg/cof at 200% elongation and from about 20 to about 40 
kg/cm^ at 300% ek>ngation. 

A difference of at least 10 points in hardness between the varicws materials 
to be joined by chemical bonding is desired to effect measurable and subjectively 
discemable difference in hardness and flexion. The basis for the "10 points in 
hardness" dq)ends on the material being used. For example, Shore A fa used for 
flexible to semi-rigid materials; Shore D is used for rigid, mostiy tiiermq)lastic 
materials having a Shore A greater tiian 90; and Aster C fa used for soft 



94/13164 



PCTAJS93/11973 



-12- 

microcellular foams and siinilar materials. However, h is well known to those 
skilled inihc ait that beyond a certain point, certain materials may become to soft 
or too hard to effect such a measurable and subjectively disceraable diffeience in 

hardness and flexion. 

Suitable plastic materials include polymers having funcdoml moieties, i.e., 
polar polymers. The functional moieties render the plastic matoial reactive with 
the rubber material which also may comprise reactive pendant functional moieties. 
Typical polar polymers may be selected from tl» group consisting of polyamides, 
thermoplastic polyesters, thermoplastic polyurethanes, vinyl alcohol polymers, 
vinyl ester polymers, nitrile polymers, ionomers and halogenated thermc^Iastics. 
Such polar polymers are disclosed in U.S. Patent Nos. 4.080,357; 4.429,076; 
4,628,072; 4,657,970; and 4.657,971, the disclosures of which are herein 
incoiporated by reference. Polyphenylene ethers and polycarbonates may also be 
useful. Furtijermore, H U to be noted that polar polymers haviqg more than one 
functional group capable of chemically bondhig with the nibber material or 
fiinctionalized rubber material are whWn the scope of the invention. Thermoplas- 
tic polyui«hane have differing physkal characteristics, chemic^ properties and 
applications (or uses) and accorcUngly may be referred to as urediane, ttermo- 
plastic urediane or polyurethane. The distinction among these terms is known to 
those in the athl^c shoe ait. 

As with odier diennoplastics, sudi plastic materials may be foamed. 
Exenq>laiy of some of the plastics whkA have been foamed Inchide polystyrenes, 
polyolefins, polycarbonates, polyuretfianes, polyesters and aldehyde based 
condensation lesms and die like. See U.S. Patent Nos. 2,959,508; 3,717,559; 
3,704,269; 3,753,933; 3.863,000; 4.097,425; 4,002,581; 4,226,949; 4,247,652; 
4,312,960; 4,588,754; and 4,984,376, Uie (fisclosures of which are het^y 
incoiporated by reference. 

The lubbu materials useful in die presoit invett&m may ctmipiise 
homopolymeis of conjugated diene monomers, copolymers of two or more 
conjugated dienes and copolymers of one of die dietws witii a monoalknqrl arene, 
preferably wherein die copolymer predominates in conjugated diene units. The 
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conjugated dienes preferably comprise from 4 to 8 caibon atoms. Examples of 
suitable conjugated diene monomers inclucte butadiene, isopiene, 2,3-dimethyi-l ,3- 
butadi«ie and ptpeiylene. Rubber materiab useM in the present invention 
include, but are not limited to, materials selected from the group consisting of 
stytene butadiene robber (SBR), styrene butadiene . lubber/oatural lubber 
(S6R/NR), ethylene-propylene diene monomerlstyteDB butadiene robber 
(EPDM/SBR), caiboxylaled nitrile robber (XNBR). polyisopiene robber (IR), 
milliableurethane, polycMoroporene (neaprme), biomobutyl robber, chlorosulfbn- 
ated polyethylene, thermoplastic robber, latex, silicone, and other natural and 
synthetic robbers. Preferably, the robber material Is selected from SBR, 
SBR/NR, EPDM/SBR and XNBR. 

Other elastomers useful as robber materials in Oie present invention include 
block copolymers comprising a relatively inelastic or 'hard" phase and a relatively 
elastic or "soft" phase. TTie preparation of such bkx* copolymers Is known. See 
U.S. Patent Nos. 4,174,358; 4,292.414; 4,783.503; 4,795.782; 4,797,447; 
4.868.243; 4.868,245; 4,882,384; 4.898,914; and 4,906,687, the disclosures of 
which are heran incorporated by reference. 

The robber material may be chemically modified to facilitate the chemical 
bond between die plastic material and the robbo" material. Modificadon of die 
rubber material typically comprises addition of a modifying agent to the base 
robber which imparts functional reactivity to the rubber materiaL The mode of 
such addition may be, for example, by means of a snr^ preparation or by 
dispemon within the robber material. The fbncdonal reactivity impaited to the 
rubber material Is due primarily to the incotpoiation of free hydroxyl, caibo;qrl, 
amino, ester, ether and the like linkages of the modifying agent. TypicaUy. the 
moAiying agent reacts with the polymeric backbone of the robber matnial but 
may react with polymeric ternnnal group(s). For example, maleic anhydride, 
maleic acid, fumaric add, and the like may be added to the robber to form an 
adduct with the ediylenic unsaturarion present in the rubber material and impart 
carboxyUc acid functionality to the robber. These polymen, by virtue of the 
presotce of the pendent succinic anhydride group, can be reacted under appropriate 
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conditions with the aniide or amine groups of a polyamide to produce a chemical 
bond between the modified rubber and plastic materials. See U.S. Patent Nos. 
3,887,527; 4.292.414; 4.427.828; 4,429,076; 4.578,429; 4.657.970; and 
4,795.782, the disclosure of which are hereby incorporated by reference. 

Reactive functionality, for example, carboxyl groups, may be incorporated 
m\o the alkenylaicne portion of the rubber maleiial. such as those having no 
ethylenic unsaturation, or into both the alkenylarene portion am! other portions 
thereof having etfiylenic unsaturation. See U.S. Patent N«. 4,783,503; 
4,797,447; 4,898,914; and 4,906,687, the disclosures of which are herein 
incorporated by reference. 

The rubber material may be foamed or blown by use of foaming or blowing 
agents. Physical foaming and blowing agents function as gas sources by 
undergoing a change in the phase state. Suitable physical blowing and foaming 
agents may be selected from the group consisting of alq>hadc hydrocaibons and 
their chloro- and fluoro- derivatives. Typical foaming and blowbg agaits may be 
selected from the group consisting of isomers of pentane, hexane. hqptane, 
fluoiocaibons. trichlorofluoromethane. dicMorodifluoromethane, dichlorotetia* 
fluoroethane, monochlorodifluoromethane, m^yl^ chloride, caibon dioxide, 
water and nitrogen. For example, water is a used as a blowing agrat for 
microcdlular polyurethane. Further, nitrogen is used as a mechanical blowing 
agent for thermoplastic foams. 

Ch^cal foaming and blowing agents produce a gas via a chemical 
leacticm. Suitable chemical foaming and blowing agents may be selected from the 
groi^ consisting of sodmm bicarbonate. dinitrosopMtam^hylene-temmine. 
sulfonyl hydroxides, azodicarbonamide, p-tohienesulfonyl sraiicarbazide, 5- 
phenyhetrazole, diisopropylhydrazodicaiboxylate and sodmm borohydrite. The 
thermal decomposition of the fdaming or blowing agents can be lowoed throu^ 
addition of activators, accelerator?, or kickers. Water also may be employed as 
a blowing or foamiiig agent for resilient materials such as urethai^ and 
polyurethanes. The rubber material may be foamed or blown using the aforemen- 
tioned foaming and blowing agents by methods known in the art. 
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The chemical bond may be formed b^een the plastic and rubber materials 
in accordance with any the following five m^ods: (1) utilizing plastic and rubber 
materials already havmg reactive functional gtoaps to facilitate a chemical bond 
betwe» the plastic and rubber materials; (2) modification of the plastic material 
to incorporate reactive functional groups to facilitate a chemical bond between the 
pla^c and rubber materials; (3) modification of the nit^r nuiterial to incorporate 
reactive functional groups to facilitate a chraiical bond between the plastic and 
rubber materials; (4) modification of both the plastic and rubber materials to 
incorporate reactive functional groups for the purpose of producing a chemical 
bond tterebctween; ami (5) adding a bridging compound having reactive fuiK^tional 
groups which react with the reactive functional groups on the plastic and rubber 
materials which are non*reactive toward each other. 

Modification of the plastic and/or rubber material typically comprises 
addition of functional moiedes which ultimately yield pendant carboxylic acid, 
amide, hydrx)xyl and other reactive functional groups to these materials. Preferred 
functional groups may be selected from the group consisting of an amino group, 
a hydroxyl groiq), a thiol group, a carboxyl gnnip, an isocyanide group, an qpoxy 
group, an ^her groq>, an aldehyde group, a borane group, a silicon grcHip and 
gtQ)xps derived therefrom such as a urethane group, an ester group, an amide 
group, an ammonium salt group and a metal carfooxylate group. These functional 
groups may be bomted to either the terminals or the side diains of the plastic or 
mbber polymeric matmal. Thesemalerialsmay also be modified by incorporating 
ethylenic imsaturation which may be activated during vulcanizatioiL 

Otiieradcfitives may be added to the plastic and rubber materials. AdcKtives 
include otter ruU)m, BUen such as carbon black, processing agents, softraing 
agents, mrtal fibers, graphite, colorants, accderators, fumed and precq>itated 
silicas, adhesion promoters and the like. These additives may be presMit in 
conventional amounts. 

For illustrative purposes, the following detailed descriptions of certain 
thennc^lastics and mbber materials are inchided herdn. 
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Polyarhides useful in the present invention typically comprise a condensa- 
tion product which contains recurring aromatic and/or alq)hatic amide groups as 
integral parts of the main polymer chain, such products being known genericaUy 
as "nylons". See U.S. 4,906,687, incorporated herein by reference. Hiese may 
be obtamed by polymerizing a monoaminocaiboxylic acid or an internal lactam 
thereof having at least two carbon atoms b^een the amino and carboxylic acid 
groups (a-polyamides), or by polymerizing substantially equimolar proportions of 
a diamine whidi contains at least two carbon atoms between the anuno groups and 
a dicarboxyUc acid (a,«-polyamides), or by polymerizing a monoaminocaiboxylic 
acid or an internal lactam thereof with substantially equimolecular proportions of 
a diamine and a dicarboxyUc acid. Polyamides also may comprise a polyconden- 
sate of a dicarboxyUc acid and a diamine, a polycondensate of an o-aminocarboxy- 
Uc acid and a polymer produced by ring-opening polymerization of a cycUc 
lactam. He a-polyamide have a terminal amir» group and the o,fa>-polyaniide 
have two terminal amino gmaps which are capable off reacdng with a functional 
group on the rubber matnial, for example a carfooxyl groiq>. 

Polyamides which may be used in accordance whh the presoit invention 
inchide polyhexamethylene adipamide (nylon 66), polypyrroUdone (nylon 4), 
polyoqirolactam (nylon 6), polyhqitolactam (nylon 7), polyc^Uactam (nylon 8), 
polynonanolactam (nylon 9), polyundecanolactam (nykm II), polydodecanolaciam 
(nylon 12), polytexamethylene azelaiamide (nylon 69), polyhexam^ylene 
sebacamide (nykm 61(Q, polyhexamethylene isophthalamide (nylon 6iP), 
polyniethaxylylettea(^)amide(nylonMXD6), polyamidecf hexamethylenediamine 
and D-dodecane(fi(HC acid (nykm 612), and polyamitte of dodecanulhylenediamine 
and n-dodecanedtoic add (nykm 1212). These polymers may be used alone or in 
combination with one another. Nylon copolymers also may be used, for example, 
copolymers of the following: hexamethylme adipamide/caprolactam (nykm 66/6), 
l«xam«hyla»eadq>amide/h«cameihylene-isophthaIaiiude(nylon66/iP),hexamethy 

Irae adq>amide/hexamethylai«erq)hthalamide (nylon 66/61), hexam^ylene 
adipamide/hexamethylene-azelaiamide(nylon66/69)andhexamethyleneadipamide- 
/hexamethyleneazelaiamide/caprolactam (nylon 66/69/6). Particulariy preferred 



94/13164 



-17- 



PCT/US93/11973 



nylons include nylon 66. nylon 6, nylon 1 1 and nylon 12. mixtures and copoly- 
mers theteof . 

The polyamides used in accordance with the present invention typically 
have a number average molecular weight (MJ within the range of about 200 to 
about 50,000. Preferred polyamides are those having number average molecular 
weights of at least 5,000. The mehing point of the polyamide used in acconlance 
with the present invention typically is within the range of from about 150'C to 
about 270'C, and preferably within the range of from about 150'C to about 
220"C. 

Polyesters which can be used in accordance with the present invention 
typicaUy comprise a thermoplastic polyester having an ester linkage in the 
molecule, and a polyester having a structure formed by polycondensation of a 
dicaiboxyUc acid with a glycol. See U.S. 4,906,687, previously incorporated 
herein by reference. Polyesters of this type are obtained by polycondensing a 
dicaiboxylic acid or a lower ester, acid halide or acid anhydride thereof with a 
glycol. As the starting aromatic or aliphatic dicaiboxylic acid, there are preferably 
used oxaUc acid, malonic acid, succinic acid, glutaric acid, pimelic acid, suberic 
acid, adipic acid, sebadc acid, azelaic acid, 1,9-nonane-dicaiboxyIic acid, 1,10- 
decane-dicaiboxyUc acid, 1,16-hexadecanedicaiboxylic add, teiephthalic add, 
isophthalic acid, p.p'-dicaiboxydiphenyl, p-caiboxyphenoxyacetic acid and 2,6- 
naphihataMMticaiboxylic add. Mixtures of two or more of tiiese dicaiboxylic 
acids also may be used. Of the above-mentioned dicaiboxyUc acids, teiephthalic 
add and isc^biiialic add are particularly preferred. 

An or aromatic glycol (or dioQ is used as the other starting 

material of the polyester. For example, there can be mentioned ethylene glycol, 
1,3-propane diol, 1,2-propane diol, 1,4-buiane diol, 1,6-hexane diol, 1,4- 
cyclohexane diol, l.lO-decane diol, neopentyl glycol and p-xylene glycol. Hiese 
glycols may be used angly or in the form of a mixture of two or more of them. 
Of tfiese glycols, alkytene glycols having 2 to 10 caibon atoms are preferred, and 
ethylene glycol and 1,4-butane diol are particulariy preferred. Particularly 
preferred polyesten produced by polycondensation of the dicaiboxylic acid with 
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the glycol are polyethylene teiephthalate and polybutyleoe terq>hthalate. and 
modified products thereof in which the monomer units are partly substituted with 

other monomer units. 

From the standpoint of process ability and mechanical strength of the 
composition, the number average molecular weight of the polyester is generally 
500 to 100,000 and preferably 5,000 to 50,000. 

The polymerization method for fonnation of the polyester used in the 
present invention is not particularly critical, and the polymerization may be carried 
out according to customary procedures. For example, tiiere may be mentioned a 
medKxl in which tiie above-mentioned acid component, for example, t^btiialic 
acid, isophthalic acid, an aliphatic dicarboxyUc acid or an ester tiiereof is subjected 
to direa esterification or ester exchange reaction widi at least one member selected 
from tiie above-mentioned glycols one at a time, or stepwise. Polymerization ttiea 
is conducted. Catalysts, stabilizers, modifiers and additives customarily used may 

optionally be added. 

Another valuable polyester which may be used in the present invention is 
a polylactone obtained by ring-opening polymerization of a cyclic lactone such as 
pivalolactone. |S-propiolactone or e-caprolactone. 

The above-mentioned polyesters have hydrojqrl or carboxyl groups at tiie 
terminal ends of the molecule, and these terminal functional groups may be 
rendoed unreactive by reaction wiUi a monofunctionai alcohol or caiboxylic acid. 
It is preferred tiiat all or part of the terminal ends of tiie molecule of die polyester 
have functional groups capable of reacting witii tiie functional groups of tiie rubber 
material. Tlie polyester having tiiese functional groups has a remarkably improved 
compatibility witii tfie rubber material because part of tiiese functional groups is 
reacted witii tiie rubber material. In tiie present invatticm, tiie foregoing polyestCTS 
may be used alone or in comtriiation timeof . 

The thermoplastic polyester referred to in tl» present inventicm includes 
polyestm used as fibers, film or resins, such as potyediylene terq>htiialate, low 
crystalline polyesters having a lower melting point, and polyetiier-ester block 
cqxilymers containing hard segments and soft segments in tfie molecule. 
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Thennoplaslic polyuieihanes which are useful in the present invention are 
divided into completely thennoplaslic polymeis and incompletely thennoplaslic 
polymers according to the synthetic conditions, that b, the molar ratio of the NCO 
group of the diisocyanate relative to the OH group of the starting bifimctional 
polyol or glycol. Mote specifically, the polyurethane synthesized in a molar ratto 
of about 0.95 <NCO/OH^I is a completely thennopbstic polyurethane. and the 
polyurethane synthesized in a molar raUo.of about 1<NC0/0H<1.1 is an 
incompletelythennoplasiicpolyurethane. As the thennoplaslic polyurethane. there 
may be memioned a polyurethane comprising a block of a polyol (polyester or 
polyether) and a diisocyanate as a soft segment and a block of a diisocyanate and 

a glycol as a hard segment. 

As the starting polyester diol. poly(1.4-butylene adipate), poly(l.6-hexane 
adipate) and polycaprolactone may be used, and as the polyether diol, polyethylene 
glycol, polypropylene glycol and polyoxytetiamethylene glycol may be used. As 
15 the glycol, ethylene glycol, 1 .4-butane diol and, 1,6-hexane diol may be used. As 

the diisocyanate, aromatic, aUcyclic and aliphatic dlisocyanates may be used. For 
(oample. there may be used tolylene diisocyanate. 4.4'-diphenyhnethane diisocya- 
nate, hexamethylene diisocyanate and isophorone diisocyanate. 

Besides the foregoing thennoplastic polyurethanes. polyurethanes 
customarily used as foams may be used for the composition of the present 
invention, so far as they have a suflfciert compatibility with the robber material 
in the present invention. Fromthestandpoinlof mechanical characteristics of the 
composition, it is preferred that the number average molecular weight of fbt 
Uiennoplastic polyurethamj be 1,000 to 500,000. Within this range, preferred 
rangesareknowntothoseskiUedintheartfordesiredappKcations. Fbrexample. 
the prior art in U.S. 4,627.178 to Sullivan et al. discloses that polyurethane 
elastomers may range from aboul 1 .000 to 10,000, for example 4,000 to 8,000 for 

midsole !qq>lications. 

In tiie present invention, homopolymers of vinyl esters and olefin-vinyl 
ester copolymers, such as polyvinyl acetate, ethylene-vinyl acetate copolymers and 
propylemj-vinyl acetate copolymers, may be used as the vinyl ester polymer. 
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The vinyl alcohol polymers which may be used in the present invention 
include a polymer composed of vinyl alcohol units and a copolymer containing 
vinyl alcohol units. The polymer composed of vinyl alcohol units is a polymer 
obtained by partially or compl^ely saponifying a vinyl ester polymer with an 
aqueous alkali. In the present invention, various polyvinyl alcohols can be used. 
An olefm-vinyl alcohol copolymer is preferably used as the copolymer containing 
vinyl alcohol units, and from the standpoint of processability and mechanical 
characteristics of the composition, an ethylene-vinyl alcohol copolymer is 
particularly preferred. Tlie rthylene-vinyl alcohol copolymer is synthesized from 
the corresponding ethylene- vinyl acetate copolymer as the starting substance. An 
ethylene-vinyl ac^te copolymer having a vinyl acetate content of 0.5 to 80 mole 
% is generally used, and an ethylwie-vinyl alcohol copolymer obtained by 
saponifying 10 to 100 mole % of the vinyl acetate units of this ethylene-vinyl 
acetate copolymer is generally used. 

Thermoplastic homopolymers and copolymm synthesized by usmg at lea^ 
50% by weight of an a,/3-oleftnicaIly unsaturated mononitrile as the constituent 
monomer are preferably used as the nitrite polymer in the present invention. As 
the a,/3-olefinically unsaturated mononitrite, there may be mentioned, for example, 
acrylonitrile, m^hacrylonitrile and o-bromoacrylonitiite. A mixture of two or 
more of these monomers may be used. As the monomer to be copolymerized with 
the a,^-olefinicaUy unsaturated mononitrite, there may be menti(med lower a- 
olefins such as ethylene, propylene, isobutylene, pentene-1, vinyl chloride and 
vinylidene chloride; monovinyl substimted aromatic hydrocarbons such as styrene, 
a-m^ylstyrene, vinyltoluene, chlorostyrene and m^ylstytcne; vinyl esters such 
as vinyl acetate; lower aflcyl esters of a,/5-olefinically unsaturated carboxylic acids 
such as m^yl acrylate and m^yl methacrylate; and vmyl «hen such as vinyl 
methyl ^er. 

Another preferred modified plastic material useful in accordance with the 
present invention conq>rises a polyphraylwie edier based on 2,6-dimcihyH,4- 
phenylene ether as the polymeric constiturat which is modified by addidon of 
polyalkenylenes and styrene polymers, and is characterized by its amorphous 
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smicture which causes it to shrink less on processing, and has a reduced tendency 
to warp, as disclosed in U.S. 4,921,762, incorporated herein by reference. 

The polyphenylene ethers can be prcxiuced from 2,6-dimethylphenol, for 
example, in the presence of complex forming agents such as copper bromide and 
5 morpholine as described in DE-OS 32 24 692 and DEOS 32 24 691. Typically, 

the polyphenyene ^ers are added as a powder or a granular material. 

Polyalkenylenes added to the polyphenylene ether typically are produced 
by ring opening or ring expansion polymerization of cydoaDcenes as described in 
K.J. Irvin, T. Sagusa "Ring-opening Polymerization," Vol. I, Elsevier AppL Sci. 
10 PubUshers, London, pp. 121-183 (1984) herein incoipoiated by reference. 

Preferred polyalkenylenes are derived from Cs^n cycloalkcnes, with polypentenes, 
polydodecenylenes and polyoctenylenes being particularly preferred. 

Polyoctenylenes prqxuned in accordance with the methods disclosed in A. 
Draxler, Kautschuk and Gununi, Kunststoff 1981, pages 185 to 190 are preferred. 
)5 Polyoctenylenes having varying cis and trans double bond ratios, varying J-values, 

and correspondingly varying molecular weights arc obtiunable according to 
methods known frorn the literature. Polyoctenylenes having a viscosity number 
(J value) rar^g from 50 to 350 ml/g, preferably from 80 to 160 ml/g, measured 
in a 0.1 % solution in toluene are preferred. 55 to 95%, preferably 75 to 85%, of 
20 the double bonds are in the trans-form. 

Known sty rene homopolymers and/or impact resistant styrene polymers can 
be added as actional components of the poly[Aenylene rther plastic material. 
DE-OS 36 02 705 discloses suitable Styrene polymers. The styrene polymer may 
be modified by incorporating an EP rubber, for example, EPM rubber and EPDM 
25 rubber. Vulcanization agents arKl activators may be used m such systems. 

The EPM rubber is produced in tte conventkmal manner by polymerizatim 
of a mixture comprising 25-7^% by weight ethylene and 75-25% by weight 
propylene in the presence of a Ziegler-Nalla catalyst, such as, e.g., diethyl 
aluminum chloride. 

30 The EPDM rubber is produced, analogously, by polymerization of a 

mixture comprising more than 25% ethylene, more than 25% propylene and I- 
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10%, in particular, 1-396, of a diene, Tliis diene should not be conjugated- Bicy- 
clo(2.2,l)heptadiOTe, 1,4-hexadiene, dicyclopentadieoe, and paiticulariy. 5- 
ethylidene-noiborene are preferred. Suitable EPDM nibbers are produced under 
the trade name BUNA • AP by Bunawerke Huls GmbH, D-4370 Marl Gennany. 

S Suitable peioxidic vulcanization agents are those pmxides known in the 

art for cross-linking, for example, EPDM nibbere, such as 2,5-dimethyl-2,5- 
bis(tert-butylperoxy)hexane, dicumyl peroxide, 4,4-di-tert-butylpcroxy-n-butyl- 
valerate, l,l-di-tert-butylperoxy3,3,5-trimethylcyclohexane and in particular 
bb(tert-butyl-peioxyis<vn)pyI)benzcne. The use of these peroxidic vulcanization 

10 agents in preparing EPDM robbers is described in the brochure "Hubbeiy 

Chemicals-Crosslinking Peroxides" of Akzo Chemie (April 1985). 

Suitable vulcanization activators include triallyl cyanuiate (TAG), aciylates 
such as 1,4-butanediol-dimethacrylate (BDMA) and trimethylo^iopane trimrth- 
acrylate (TRIM). Particularly prefened vulcanization activators include TAG 

15 and/or BDMA. 

If desired, the polyphenylene ^ter material may contain other derivatives 
such as stabOizeis, processing agents, foaming agents, metal fibers, rubber black, 
graphite, metal spangles, titaxuum dioxide and nnc sulfide. The weight ratio of 
reinforcing agents in the polyphenyteie ether material can vary anywhere from 

20 about 0% to about 50%, that ofthe flame retardant up to about 15% and all other 

additives to a total of about 5%, with respect to tte total polyphenylerc ether 
materiaL 

Preferably the polyphenylene ether plastic materials are produced by mbdng 
the components in the melted state. At least one conqxmem is completely mehed 

25 and the meh thus obtained is mixed with the other components. Another 

possibility is to melt and mix all of die components tog^her. Meldng tonpera- 
tures typically range from about 250*G to about SSO'^G, in particular from about 
260'*G to about 300*C, and curing times typically range from about 0.3 to about 
10 minutes, in particular, from about 0.5 to about 3 minutes. Gonventional equip- 

30 ment for processing highly viscous melts, not only in batch runs but also in 

continuous operations, are suitable for melting and mixing. Twin-screw kneaders 
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and co-knewiers are e^ially suitable. Other methods of producing the 
polyphenylene ether plastic materials are disclosed in U.S. Patent No. 4,921,762, 
previously incorporated herein by reference. 

Typical rubber consdtuoits which bond effectively to such modified 
polyphenylene ether plastic materials include, but are not limited to, lubbers such 
as SBR, natural lubbeis. SBR/NR. BUNA • AP, EPDM/SBR, BUNA • EM, 
XNBR, m, BUNA • SL. CB. Vi and AP, NR. HR CiiR. and PNR, and mixtures 
thereof. Tte SBR and BR blends typicaUy are crosslinked with su^hur or sulphur 
donors, and the EPDM blends typicaUy employ peroxides as vulcanization agents. 
The mbber material also may comprise conventional fillers, plasticizers, 
vulcanization agents, accelwators and the like. 

A preferred modified lubber is a butadiene homopolymer adducted with 
maleic anhydride. More preferably, the modified rubber material comprises 1,2- 
potybutadiene polymer adducted with maleic anhydride such as that commercially 
available under the trade name RICO-BOND* 1031 , CAS #25655-35-0, produced 
by Advanced Resins, Inc., Grand Junction, Colorado. RICO-BOND* 1031 serves 
as an adhesion promoter by imparting reactive caiboxyl and ester linkages and 
ethylenic unsaturation to the rubber material. RICO^BOND* 1031 may be used 
to modify other rubbers such as BRS 1000, SBR, IR and the like. 

Hie method of chemically bonding the two materials typicaUy encompasses 
molding the plastic material first, and then subjecting the rubber to a beat and/or 
piesatre treatment or vuteanization in the presence of the plastic material. The 
sofidification tenqwamre of the plastic material is preferably higher than the 
thermal tieatmem or vulcamzation temperature of the nAba materials utilized. 
Therefore, the plastic matnial does not degrade during die chemical bonding 
process. SkiUed practiticmers are capable of determimng injection molding 
operating paiameters for various plastics, robbers, and modified plastics and 
Tubbeis. 

TypicaUy, the plastic material is prepared as described above, and then 
compressed with an elastomeric therm(^lastic, e.g., pressed together by press 
curing, injection molding, or by extrusion. In the process, the rubber material 



wo 94/m64 



-24- 



PCT/US93/11973 



typically is heated to at least the tempexature required for thermal treatment or 
vulcanization. Suitable temperamres range from about 280** to about 550'F, and 
preferably from about 320** to about 420'F. Skflled practitioners recognize that 
these temperatures vary for the particular rubber employed as well as the various 

5 reactive functional groups employed. The treatment time required may vary within 

the range of from about I minute to about 15 minutes, and preferably from about 
3 minutes to about 7 minutes. 

Other injection molding parameters useful in forming the plastic material 
of the present invention are known to skilled practitioners in the ait. For example, 

to skilled practitioners recognize the effect of processing parameters and are capable 

of optimizing parameters such as injection volume flow, filling time, injection 
speed, holding pressure and holding time. Skilled artisans recognize that the 
magnitude of the holding pressure influences shrinkage of the plastic material, sink 
marks and weight, and that the holdmg pressure should be high enough to avoid 

15 sink marks. It also is kiK>wn that cooling time and temperature affect shrinkage 

and warpage and should be optimized toauniniize the effects. Finally, it b known 
that the properties of the plastic material are predominantly determined during the 
filling phase, the mechanical properties are affected by the batch temperature, and 
shrinkage and waipage typicaUy occur during the holding or cooling phase. 

20 Genially, in forming the chemical boad between the plastic and rubber 

materials, the injection molding, thermal treatmrat and vulcanization conditions 
are optimized to form the strongest bond while minimizing adverse effects. For 
example, the formation of surface glaze on the plasdc material should be avoided. 
Surfoce glaze can be eliminated by thorough drying of Ae granulated plastic 

25 materialandby the use of a vent in the extruder. Oxidation of the surface of the 

plastic material also ^uld be prevented. Oxidation of the surface can be 
eliminated by grinding the surfa^ of the plastic material before thermal treatment 
or vulcanizatitm with the rubber material, or by use of a nitrogen blanket. The 
surface of the plastic material also should be adequately cleaned before thermal 

30 treatment or vulcanization with the rubber material. This can be accomplished by 

use of aliphatu: solvents and soa^i solutions. However, use of polar hydrocarbons 
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such as aromatics and chlorohydrocarbons should not be employed to avoid 
deactivation of the functional groups on the plastic and rubber mat^ials. 

During the thermal treatment or vulcanization phase, movement between 
the plastic and rubber materials should be avoided. Also, duting hot mold 
removal, the mbber material should not be stretched, and during the cooling 
phase, the rubber and the plastic materials should ncH be allowed to shrink away 
from each other Avoidance of these conditions will ensure an adequate chemical 
bond between the mVbex and plastic materials. 

The plastic and lubber materials also may be chemically bonded in a one 
stq) process known commonly under the names "co-extrusion", "one-stage two- 
color injection molding' and "two-component injection molding." Skilled 
practitioners are familiar with these methods and are cs^ble of adapting the 
processes to various plastic and rubber materials. 

The plastic and rubber materials also may be chemically bonded to each 
other wherein one of the materials is a fabric of natural and synthetic materials. 
For example, a relatively inelastic plastic material known as FEBAX^, a polyester 
block amide available from Elf ATOCHEM N.A., Inc. (Elf Aquitaine), 
Philade^hia, Itennsylvania, has been bonded to several, relatively inela^c 
materials such as XNBR rubber, and various fabric materials such as polyester and 
cotton/polyester blends. The fabrics and PEBAX^ sheets were cut in about 8 inch 
squares. A sandwich of TEFLON^ sheets and the materials was assembled as 
follows: First, a "9 x IS* TEFLON^ sheet with a PEBAX^ dteet on top of the 
teflon sheet. A 9" square TEFLON^ shed covers approximately half of the 
PEBAX^she^. Iliefabricmaterial was then placed evenly ov^ the FEBAX^/T- 
EFLON* so that only half of the sheet is in direct communication with the 
PEBAX*, and ther^ore capable of bonding ther^. Anoth^ 9" square of 
TEFLON^ covers the other hklf of the fabric she^ The sandwich then is 
completely covered with another 9" x 15" TEFLON* sheet 

The sandwich then was placed in a fabric bonding press at about 360^F, 
the platen temperature was measured at between about 415**F to about 425**F, and 
the platen pressure set at about 75 psi. Two sets of PEBAX* sheets were tested. 
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one being P^AX* 3533, and the other PEBAX* 5533. TTie 3533 sandwich 
remained in the fabric press for about 3 minutes whereas the 5533 sheets remained 
in the press for about 4 minutes. The sandwiches then were cooled in a Carver 
platen press for about 2 to about 3 minutes at about 2,0CX) psi. 

Because only half of the sheets were bonded, a puDing test was conducted 
where a variable load was placed on the half of unbonded febric in the of^ite 
direction to a load placed on the bonded fabric. The values represented in Table 
1 below represent the load ai which the materials were separated. 

When XNBR was used as the fabric material, the TEFLON* sandwich was 
not used. Rather, the materials were vulcanized at about leO'C in a 2 Ton 
Rubber Press at about 1500 to about 2000 psi for about six (6) nunutes. The 
caxboxyUc acid groups present in the XNBR rubber reacted whh PEBAX* material 
to form a strong chemical bond therebetween. When subjected to the pulling test 
described above, the robber material fractured, and the material was inc^able of 
being separated at the bond juncture due to the strong chonical bond formed 
between the XNBR rubber and PEBAX* materials. 

The foUowuig Table 1 r^resents the maximum peeling load applied, and 
the resultuig peeling strengths achieved when the TEFLON* sandwiches 
comprising the PEBAX* material and fabrics listed were subjected to the peeling 
loads. 
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TABLE 1 



Fabric Material 


PEBAX 


Maximum 
Peding Load 
(lbs.) 


Ats. Peel 
Strength . 
nbs./in.) 


Fine Glass Fabric 


3533 


5.3 


3.4 


Coaise Glass Fabric 


3533 


27.5 


20.2 


Fine Polyester Fabric 


3533 


33.6 


27.5 


Coarse Polyester Fabric 


3533 


19.7 


14.7 


Nylon Fabric 


3533 


10.5 


6.8 


50/50 Cotton/Polyester Blend 


3533 


7.3 


4.9 


1 Polyester Dipped in Adhesive 


3533 


31.9 


25/5 


1 Fine Glass Fabric 


5533 


4.5 


2.8 


Coarse Glass Fabric 


5533 


44.7 


28.5 


Fine Polyester Fabric 


5533 


30.9 


24.4 


Coarse Polyester Fabric 


5S33 


13.4 


O 1 1 
7.1 1 


Nylon Fabric 


5533 


17.7 


12.1 1 


50/50 Cotton/Polyester Blend 


5533 


7.3 


4J 


1 Polyester IMpped in Adhesive 


5533 


31.7 


22.S 



As can be seen from the above table, h is possible to fonn a leiaUvely 
strong chemical bond which is tesistant to fracture between a lelatwely melastic 
maierial such as PEBAX* and relatively elastic materiab such as glass, polyester 
and cotton fabric materials. Accordingly, an article of footwear can be maraifac- 
tuied wherein plastic materials are chemicaDy bonded to the fabrics used in 
formulating the uj^r. 
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The following discussion peitains to various embodimenu of the present 
invention utilizing chemically bonded plastic and rubber materials. 

Referring to the drawings, wherein like numerals xepresent like elements, 
shown in Fig. 1 is an outsole 24 comprising outsole segments 26 a-d of a plastic 
material which are chemically bonded along desired lines of flexion B-B, C-C, and 
D-D to rubber segments 22 a-c, respectively, forming mbber flex lines. A crros- 
sectional view of Fig. 1 along line A-A is shown in Fig. 2 and shows rubber 
segments 22 a-c extending between independent outsote segments 26 a-d. Father 
than having indq)endent outsole segments, it can be readily understood that an 
alternate embodiment could comprise a focrtwear outsole 24 of a pla^c material 
having a reduced profile or cross-section along or about the desired line of flexion, 
e.g., a groove or channel, and effectively subsdtute a more flexible rubber 
material for die less flexible plastic material by filling in die grooves or channels 
widi rubber mat^ial and bonding the rubber material to the plastic outsole 24 to 
yield an outsole having a bottom perspective as shown in Fig. L 

Shown in Fig. 2 (24) is a cross-sectional view along line A*A of the 
footwear outsole 24 shown in Fig. 1 showing four sqnuate outsole segments 26 
a-d, substantially consisting of plastic matmal adjoining rubber segments 22 a-c 
which are chemically bonded ther^* Ttiis constxucticm permits greatly enhanced 
flexibility as compared to conventional outsole plates. In addition, it can be 
readily understood that rubber segments 22 a-c can be uiclined relative to verticle 
to increase bonding surface and affixed to the superior, or inferior, surfaces of 
CHitsote segm»ts 26 a-d. It is further contraiplaied that horizontal segments of 
rubber may be affixed either over horizontal plastic segments or under horizontal 
plasdc segments, i.e. continuous pieces of rubber and plastic may be affixed to 
each other over their fadng horizontal sur&ces. 

Shown in Fig. 3 is an dtemate footwear outsole 24 comprising outsole 
segments 26 a-c of a plastic material with rubber s^ments 22 a and b for 
enhancing the flexibility of the footwear outsole 24 along select arch lirjes of 
flexion E-E and F-F, respectively. One of the advantages of this configuration is 
that the area of the outsole underlying the baU of tte forefoot is relatively 



wo 94/13164 



PCT/US93/11973 



-29- 

undistuibed. TTiis can facilitate the use of an air bag (not shown), or other 
cushioning technology within the overlying midsole (not shown) of an article of 
footwear. In addition, this configuration can facilitate the incoiporation of select 
frictional and traction characteristics to the area about the baU of the forefoot 

Shown in Figs. 4 a and b is an alternate footwear outsole 24 having outsole 
segments 26 a-d of a plastic material underlying the forefoot and an outsole 
segment 26e being of either a mbber or plastic materiaL The outsole segments 26 
a-e which are chemically bonded to rubber segments 22 a-d which lay along 
desired arch lines of flexion B-E, F-F and G-G, and line H-H. The desired lines 
of flexion indicated by arch lines E-E and G-G permit enhanced plantar flexion and 
dorsi flexion of the phalanges and corresponding digits or toes 42 a-e of a wearer's 
foot. This can facilitate enhanced perfonnance in tfie printing events conducted 
in tiack and field and other speed orientated acUvities, or those activities in which 
agiUty is a requirement. Further, the desired line of flexion indicated by line H-H 
facilitates independent flexion of the medial and lateral digits or toes 42a, 42b, 
42c, 42d, and 42e of the wearw's foot about the lon^dinal axis, and in 
particular, the hallucis longus or first toe 42a with respect to the second 42b, third 
42c, fourth 42d, and fifth 42e toes of the foot. It can be readily understood that 
the flexion afforded by line H-H could possibly be enhanced by fiiither segmenting 
outsole segments 26c and 26d to provide additional outsole segments, for example, 
outsole segments 26f and 26f as shown in Figure 4c, accordingly. Further, a 
plurality of additional outsole stents (not shown) substantially paialld to the 
longitudinal axis or line H-H, could be used in accord with the teachings of the 
present embodiment. In addition, segment 26c shown m Figures 4a and 4b could 
be deleted and a continuous portion of rubber be used between aich lines of flexion 
G-G and ErR Likewise, segments 26c and 26f shown in Figure 4c could be 
deleted and robber substituted ib their place. By permitting more extensive and 
independent use of toes 42 a-e of the foot, a wearer can enjoy greater relative 
stability in an article of footwear incorporating such an outsole 24. The barefoot 
condition is known to be associated with the lowest pronation and supination scores 
obtained during rearfoot motion analysis. Within conventional footwear 
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consmictions, the toes 42 a-e of the foot articulate within the confines of a 
relatively inflexible article of footwear. Insofar as the shoe upper fits snugly about 
the forefoot, then litUe room exists for the toes 42 a-€ to fully articulate. If more 
room is given for the toes 42 a-e to articulate, thM stability can become a problem 
as the foot may then slide about within the article of footwear, a sort of "Catch- 
22," or no-win shuation. The main problem is that the wearer's foot must attempt 
to articulate and stabilize itself in relation to die platform provided by way of the 
insole (not shown), midsole (not shown), and outsole 24 of an article of footwear. 
This platform is commonly relatively inflexible with re^t to plantar flexion and 
dorsi flexion of toes 42 a-e and respective metatarsa^)halangeal joints, but even 
more so with tespGd to like indq)endent movement of medial and lateral portions 
of the ball and toes 42 a-e found in the forefoot. In sum, as a result of the 
homogenous and monolithic construction of convendonal articles of footwear, and 
in particular, in the area of the forefoot, the natural abilities and cq>acides of the 
human foot can suffer undue limitation. Further, the presence of rubber material 
and direct coomiunication with plastic outsole plate segments can serve to dampen 
shock and vibration caused by impaa with a give supporting surface. For 
example, the artificial surfaces for running used in some track and Held facilities 
can be quite hard. In particular, the boards in the jumpmg events are of a 
leinfoiced and hardenefd wood construction and the impacts associated with 
competidon generate high levds of shodc and vibration. 

In addition, referring to Hgure 4c, please note that plastic outsole segments 
26c zod f can include at least one p^manent, or mnovable traction element 60. 
As shown in Hgure 4c and cross-sectional view in Figure 4d, plastic plate segment 
26f, lite 26c, is substantially surrounded by rubber material 22. The plantar 
surfaces of the foot, as shown in Figure 4b, do not make substantial contact or 
impose high loads upon plastic outsole segmmts 26c, nor plastic outsole sq^ents 
26c and 26f as shown in Figures 4c and d. Therefore, when the forefoot loads 
the larger spike plate shown in Figures 4c and d, a permanent projection, or 
removable traction element 60 can cause plastic outsole segment 26f , and the like 
to be deflected vertically towards the wearer*s foot in the area devoid of substantial 
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plantar contact and support, as indicated by area "C" in Figure 4b. The rubber 
surrounding plastic outsoie segment 26f is thereby placed in tension, and upon 
removal of the load will r^m segment 26f to its initial relatively planar 
orientation. 

However, as the forefoot loads the outsoie spike plate during the support 
phase, and in particular during the propulsion phase of the riinning cycle, at least 
one of the toes 42a-e of the wearer's foot can grip the plastic outsoie segm«it 26f 
posterior to toes 42a-e whidi has been momentarily deflected upwards. A grip 
or supporting surfece is tfiereby provided against which the toes can perform useful 
work regarding the desired tasks of propelling the wearer (e.g. athlete) forward, 
but also balancing and stabilizing the foot. This embodiment would be primarily 
intended for possible application in qirinting and field events contested in track and 
field. 

It can be readily umterstood that other means and m^hods can be applied 
to the shoe upper, insole, midsole, and outsoie 24, and the like, to enhance the 
flexibility of articles of footwear in keq>ing with tte teaching of this embodiment 
of the present invention. 

Shown in Fig. 5 is an ancrther embodiment of an outsoie 24 according to 
the present invention. The outsoie 24 comprises outsoie segments 26 a and b of 
a plastic material and rubber segment 22 bonded to outsoie segments 26 a and b 
for enhancing the flexibility of the footwear outsoie 24 akmg a select line of 
flexion I-I correqxmding to the rearfoot strike zcme G-^-t the area of initial 
contact with the ground for a user charact^ized as a rearfoot striker), of an article 
of footwear. This configuration can enhance cushioning and ability when the 
relevant stiffness of the cushioning materials used in select areas of the overtying 
midsoles are selectively coordinated. In particular, the stiffness of the cushioning 
material or device used in segment 26b should be reduced relative to that used in 
segment 26a, Further, the mobility of segment 26b serves to effectively decrease 
the rear foot angle and the Iragth of a lever arm which can contribute to pronation. 

Shown in Fig. 6 are a plurality of traction elements 50 substantially 
comprising rubber material which have been chemically bonded to three outsoie 
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segmenis 26 a-c of a footwear outsole 24 which substantially comprise a plastic 
material. In addition, die tiiree outsole segments 26 a-c are similariy connected 
by rubber segments 22 a and b in accordance with desired lines of flexion B-B and 
C-C as shown in Fig. 1. 

S Shown in Fig. 7 are a plurality of traction elonnits SO substantially 

comprising plastic material which have been chemically bonded to three <Nitsole 
segments 26 a-c of a footwear outsole 24 which substantially comprise a nibber 
material. In addition, the outsole segments 26 a-c are connected by segments 22 
a and b in accoidance witii desired lines of fleuon B-B and C-C as shown in Fig. 

10 I . Segments 22 a and b may be of a plastic material, or alternatively of a robber 

material which b preferably more flradble Uian that used in outsole segmoits 26 
a-c. 

The foregoing embodiments have primarily dealt witii narrow robber 
segments positioned along desired lines of flexion and connecting sqniate outsole 

j5 segments. Shown in Fig. 8 is an alternate footwear outsote 24 embodiment having 

two outsole stents 26 a and b of plastic material substantially underiying die 
foi^oot and rearfoot areas of the foot which are chemically bonded to a robber 
segment 22 which substantially underlies the area of the midfocA. This configura- 
tion permits enhanced flexibility, or torsional movement about Uie longitudinal axis 

20 and therd)y pennits greater relative independoit movement between ibs reaifoot 

and forefoot. 

Fuitiiemiore, in Rgs. 9-1 i, radi» tiian boiuling tog^o- sqmate outsole 
segments, robber segments 22 are bonded to an outsole plate 26 to provide the 
dewed flexibility. 

25 In Fig. 9, there is shown an another embodiment of footwear outsole 24. 

The outsole 24 comprises an outsole plate 26 of a plastic material widi robber 
segmmts 22 a-C having a wedgd-shape chemically bonded to desired void areas, 
e.g. v-shs^ notches 28, of the outsole plate 26 for enhancing die flexibility of 
the fo<«wear outsole 24 along select Unes of flexion B-B and C-C. Alternatively, 

30 it can be readily understood Uiat rubber segmoits 22 need not fully All die voids 

in die outsole plate 26 to achieve di^erent degrees of flexibility. In addition, die 
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•v-shaped" notches 28, and the like, can extend paitially, or subsiantiaUy across 
at least one poition of the ouisole plate 26. Moreover, h can be readily 
understood that the selea use of rubber material and plastic material in a footwear . 
outsole 24 can be configured so as to additionally comprise traction means. 

S Shown in Fig. 10 is another embodiment of an outsole 24. The CHitsole 26 

comprises an outsole plate 26 of plastic material having rubber segments 22 a and 
b chemically bonded in two portions to medial and lateral areas underlying the 
midfoot. This configuration not only enhances flexibility, or torsional movement 
sdxnit the longitudinal axis, but also provides support to the medial longitudinal 

10 arch (line W-W), lateral longitudinal arch (line Y-Y), and transverse arch (line Z- 

Z) of the foot 

Shown in Fig. 1 1 is another embodiment of an outsole 24. Herein, outsole 
24 comprises an outsole plate 26 formed of a plastic material showing a plurality 
of traction elements 50 comprising a rubber material which is chemically bonded 

15 to the plastic material of the outsole plate 26. In addition, rubber s^ment 22 fills 

a void or cavity of corresponding sh^ in the outsole plate 26 arui is chemically 
bonded thereto. The rubber segment 22 is located substantially in the area 
undCTlying the calcaneus of the foot for enhancing cushioning. It can be readily 
understood that various midsole constructions utilizing pla^c materials and ruU)er 

20 materials in a manner consistent with the teachings disclosed in Fig. 11 are 

contmplated and anticipated by this embodiment of the presrat inv^on. 

Shown in Fig. 12 is a relatively convoitional appeariiig fo(^ear (mtsole 
24 comprising two outsole plates 22 and 26. Outsole plate 26 is of a plastic 
material in the area underlying the forefoot. Outsole plate 22 is of a rubber 

25 material in three-quarter length. However, rather than being adhesively bonded 

together, outsole plates 22 and 26 have been chemically bonded to each other at 
their juncture 30. / 

Shown in Fig. 13a is a footwear outsole 24 fabricated conversely to the 
embodiment shown in Fig. 8. The areas of the outsole 24 underlying the forrfoot 
30 (outsole plate 22a) and rearfoot (outsole plate 22b) are substantially comprised of 

mbber material and are bridged by an outsole or moderator plate 26 comprising 
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a plastic material which underlies the area of the midfoot. In this embodimem, the 
moderate plate 26 overlaps and extends at least partially over the superior surface 
of the outsole plates 22 a and b which underlie the areas of the forefoot and 
rearfoot, respectively. This overly shown in Fig. I3b relative to outsole plates 
22a and 26 provides a greater surface over which to provide a chemical bond and 
provides a transitional area for the mechanical and elastic properties of the outsole 

plates 22a to 26 to 22b. 

Shown in Fig. 14 is a portion of an outsole 24 substantially consisting of 
rubber material to which has been chemically bonded a heel counter 53 substantial- 
ly consisting of plastic material along bond line 30 so as to fonn a one-piece unit. 
This construction is expected to enhance the stability of the heel counter 53. 

In Fig. 15, there is shown the midfoot portion of a footwear outsole 24 
substantially consisting of rubber material having a lateral stability and support 
stmcture 5 1 substantially consi^g of a plastic material chemically bonded to the 
footwear outsole 24 about the lateral aspect of the area of the midfoot 37. It can 
be readily understood that like stability and support structures can be used about 
the forefoot, midfoot, or rearfocft areas, whether about the medial, lateral, 
anterior, or posterior aspects and whether in partial or comply combinatioiL 

Shown in Fig. 16 is a portion of an article of footwear 38 havmg a 
footwear outsole 24 substantially consisting of a rubber material and having a toe 
guard 54 substantially consisting of a plastic material ch^cally bonded to the 
outsole 24 along bond line 37. This construction can prolcmg footwear life by 
protecting tiie shoe upper (not shown) from excessive wear commonly oqperienced 
by users of articles of footwear, e.g., baseball pitchm or tennis players, who 
exhibit toe drag. 

Shown m I^gs. 17a, 17b and 17c are various attmiate raibodiments of a 
removable traction clement 50 alid, respectively, showing but a few of the possible 
combinations of rubber material and plastic material which are possible and could 
be desired dq)ending upon the situational demands and environmental cinmmstanc* 
es anending the use of an article of footwear. In Fig. 17a, the removable traction 
element 50a comprises a tiireaded screw component 40. A portion of the screw 
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component 40 is anchored to a plastic core 20. The plastic core 20 has an outer 
layer 22 of ruW)er material chemically bonded thereto on surface 51 thereof. The 
plastic core 20 also has a ridge portion 42 to further aid in retaining the outer layer 
22 on the plastic core 20, The removable traction element 50c in Fig. I7c is like 
that of traction element 50a in Fig. 17a with the exception that the plastic core 20 
has an exposed surface 44 opposite the screw component 40. 

In Fig. 17b, the removable traction element 50b comprises a threaded 
screw component 40. A portion of the screw component 40 is anchored to a body 
poition 20 of a plastic material having a planar surface 51 perpendicular to the 
main axis of the screw component 40 and opposite thereto. A traction layer 22 of 
robber material is chemically bonded to the planar surface 51. Alternatively, the 
body portion 20 may be of a rubber material and the tracdon layer 22 may be of 
a plastic material. 

Shown in Hg. 18 is an article of footwear 38 having a shoe upper 48 and 
includes a strap 52 substantially consisting of plastic material. The sirq> 52 is 
chemically bonded to a footwear outsole 24 substantially consisting of a ruW)er 
material along line 37. Alternatively, it can be readily understood that a strap 52 
consisting of robber material can be chemically bonded to a footwear outsole 24 
substantially consisting of a plastic material. 

Shown in Fig* 19 is an article of footwear 38 having a shoe upper 48 and 
includes a strap 52 substantially consisting of plastic matniaL The strq> 52 is 
chemically bonded to a robber strip 22 which serves as the point of origin, or 
anchor of the strap 52 and diis nxVbct strip 22 portion is in turn chraucaDy bonded 
to a footwear outsole 24 substantially connsting of a plastic material. This 
configuration permits greater articulation of the footwear strap 52 and can ther^ 
enhance the pCTfonnance of the str^52. In addition, the elastic properties of the 
robber strq> 22 portion of the strap 52 can be utilized to exM a preload upon the 
wearer's foot when the strap 52 is tightened in such a manner as to str^h the 
robber strip 22. In addition, tfie robber strip 22 present m the area about the 
origin of die strap 52 can substantiaUy prevent fatigue and possible failure relative 
to a more rigid and inelastic plastic material of sti^ 52. 
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Alternatively, in Fig. 19, the shoe-upper 48 may be comprised of plastic 
fibrous material. Strap S2 may be of a rubber material with area 22 defming the 
area of chemical bonding of the strap 22 to shoe-uf^r 48. As a further 
alternative, strap S2 may be of plastic material chemically bonded to a rubber strip 
22 which in turn is chemically bonded to the dioe-upper 48, which is comprised 
of a plasdc fibrous materiaL 

Shown in Figs. 20 a and b are posterior and partial lateral views, 
respectively, of an article of footwear 38 showing a rearfoc^ Arap construction 
showing substantially lateral and medially located heel counten S3 a and b 
substantially consisting of a plastic material chemically bonded to a support strap 
52 substantially consisting of a rubber material which transits behind the posterior 
portion 55 of the shoe upper 48 and joins the lateral and medially located heel 
counters S3 a and b. It can be readily understood that cMher like structures are 
contemplated for use in other portions of an article of footwear 38. Further, the 
anchor portions 56a, b, c, and d of heel counters S3 a and b, re^)ecdvely, may be 
chemically bonded to the sole S4 by a^ropriate selection of materials for the sole 
54 at the point of contact. 

Another embodiment of the present invention is shown in Fig. 21 . In Fig. 
21, a portion of a footwear strap 52 having an eyelet insert 58 for shoe laces 57 
is shown. The eyelet insert 58 substantially consistiog of a plastic material for the 
passage, or affixing, of a shoe lace 57 is chemically boiKled to the str^ 52. His 
construction, and tf» like can extend the wear of a footwear stnq> 52 and permit 
better fit due to the elastic nature of the rubber material utilized for the strap 52. 
Moreover, this construction can introduce a preload when secured by a wearer due 
to the elastic pn^rties of the rubber material. 

Shown in Fig. 22 is an article of footwear 38 havir^ an articulating shoe 
upper 48 substantially consisting'of various segments of plastic material which are 
chemically bonded to rubber material which serves to align and form the various 
segments into a larger functional unit. This kind of construction can find 
plication, e.g., in the footwear uppers of in-line roller skates, hockey skates or 
ski boots. The shoe upper 48 includes a notched area 'A" substantially comprising 
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a more flexible mbber or plastic material for pennitting unrestricted plantar and 
doisi flexion of the foot. Fuither, the shoe upper 48 includes a "floating" or semi- 
mobile plastic 20 malleable guard for enhancing flt in the area of the ankles "B", 
but without compromising protection. In addition, the posterior heal portion is 

5 recessed and includes a plasdc guard which is at least partially mobile so as to 

permit unrestricted plantar or dorsi flexion without impengirtg the Achilles tendon. 

Shown in lateral view Fig. 23a and tc^ view Fig. 23b is a stability device, 
e.g., a FOOTBRIDGER® 47, comprising a plastic material which has been 
chemically bonded to a footwear outsole 24 substantially comprising a rubber 

10 material to form a one-piece unit. 

Shown in Fig. 24 is a cross*sectional view along the anterior*posterior or 
longitudinal axis of an article of footwear 38 showing the use of a midsole 
moderator plate 33 comprising a plastic material which has been chemically 
bonded to a footwear midsole 32 substantially comprising a foamed plasdc or 

IS rubber material to form a one-piece unit. 

The following examples iUu^rate the various techniques utilized in 
chemically bonding chemical and rubber materials tog^her for use in outsole for 
articles of footwear. Other features of the invention will become sqyparent in the 
course of the following description of exemplary embodiments which are given for 

20 modiflcation of die invention and are not intended to be limiting thereof. 

]Exftmpte I 

The foDowtng example exempliffes a paiticulariy preferred embodiment of 
the tnventioa wherdn pla^ and rubber materials are chmically bonded to form 
an outsole comprising mostly plastic materials with lubb^ material flex lines. 
25 Embodiments of such an outsole are illustrated in Figures 1-5. 

A single mold was constructed into which prdormed plastic components 
were placed leaving spaces for the rubber flex lir^. Plasdc material (polyphenyl- 
ene ^her) was placed (preform) into the mold. 

Unvulcanized ruU)er was then added to mold and molded using a 200 Ton 
30 Rubber Press machine. The molded article was vulcanized at 320''F for about 6 

to about 8 minutes, and then was permitted to stand for about 4 minutes and cool. 
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The outsole comprising both plastic and rubber materials was removed from the 
mold and subjected to conventional footwear manufacturing techniques to produce 
an aiticle of footwear. 

Example 2 

S A standard SBR mbber comprising 100 parts by weight SBR, 50 parts by 

weight RAF N330 Caibon black, 3.0 parts by weight zinc oxide, 1.0 pait by 
weight stearic add, 1.75 parts by weight sulfur, 0.7 parts by weight MBS and 0.9 
parts by weight TBBS was modified by adding 3.0 parts by weight TBBS and 6 
parts by weight RICO-BOND* 1031. The SBR was modified by adding 3.25 parts 

10 per hundred robber (PHR) TBBS and 8 EHR RICO-BONI>* 1031 to a two roll 

mill and mixing the reactants at ambient to about 185**F for about 7 minutes or 
until a uniform diq>eision is achieved. About 197 grams of modified SBR then 
was injected into a mold containing about 60 grams of a prrforoied TPU-ABS 
blCTd in a 200 Ton Rubber Press at about 320""? for about 6 minutes, thereby 

15 permitting tte formation of a chemical bond between the plastic and rubber 

material. 

The material then was tested for pull strength - bond strength and compared 
to rubber joined to plastic using conventional adhesive techniques. The results 
demonstrate that the chemical bond formed in accordance with the piesent 
20 inventicm is superior to mechanical bonds of tt^ prior art. 

A first sample was prepared wherein a 99mm x 20mm x 3.25inm bar of 
polyethyteie plastic was cut from a sheet of polyethylene plastic material. A 
second sample was prq^ared wherein the same size bar of poly^ylene was cut; 
25 however, a groove approximately 0.25 inches wide and 2mm deq> was cut in the 

center of the bar. A third bar having the same dimensions as the first and second 
samples was prepared wherein a thin strip of rubber material was placed betwera 
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two polyethylene plastic sheets. These were then placed into a 200 Ton Rubber 
Press at about 320 to about 340'F for about 4 to about 6 minutes in an ASTM 
tensile mold. 

The three ban then were tested for resistance in kg to bending using a 3- 
poim loading system. Each bar was supported from below (2 point support. 70 
mm separation), then depressed in the center at 10 mm/min using a long bar 
crosshead thereby creating a 3-point load on each bar. The resistance was 
measured in Kg/cm» force. Tlie results of the foUowing test are graphically shown 
in Figure 25. 

From Fig. 25, it can clearly be seen that the polyethylene bar which had 
a thin strip of robber chemicaUy bonded on both sides through its middle showed 
the least amount of resistance per mm of deflection. In fact, the nibber-joined 
plasUc bars were about 50 times more flexible than the plain plastic bar, about 10 
times more flexible than the notched plastic bar, and about 25 times more flexible 
than a half-thickness plain plastic bar. 

Upon completion of the test, tl« notched bars roained a permanent crimp 
wh«i the force was removed, and the plain plastic bars deformed sligbay. The 
robber-joined polyethylene ban, on the other hand, relumed completely to their 
original shape. Accordingly, rubber-joined plastic materials would possess 
significant advantages in flecibility ovw uniform or notched outsoles. 

Numerous modifications and vaiiatifms of the presem invention may be 
possible in Ugfat of the above teachings. It is therefore to be understood that 
within the scope of the appended claims, the invention may be practiced otherwise 

than as q)ecifically described herein. 
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WHAT IS IS: 

1 . An article of footwear comprising an outsole comprising relatively 
inelastic material chemically bonded to relatively elastic material wherein the 
relatively inelastic and relatively elastic materials are arranged to impart flexibility 

S to the outsole. 

2. The article of footwear according to claim 1 , wherein said relatively 
elastic material comprises a mbber material selected from tiie group consisting of 
styrene butadiene nibber, styrene butadiene nibb» / natural rubber, etiiylene 
propylene dicne monomer (EPDM) / styrene butadiene, cartwxylated nitrUe 

10 rubber, polyisoprene nibber, milliable urethane. polychloroporenes, diermoplastic 

rubber, latex, and silicone rubber. 

3. Tbe article of footwear according to claim 1, wherein said rubber 

comprises a carbon black. 

4. The article of footwear according to claim I , wherein said relatively 
15 inelastic material comprises a plastic material selected from the group consisting 

of diermoplastic polyuretiiane, polyamide, polyetiiylene, nitrite, polyvinyl chloride, 
ethylene vinyl acetate ^A), polyestw. polycarbonate, polypropylene, 
polyphenylene ether, styrene, vinyl, nitrile, polyether block amide (PEBAX), 
TYVEC, TEFLON, TEDLAR. MYLAR, MILINEX HYPALON, and LEXANE. 
20 5. The aiticte of footwear according to claim 1, wher^ said plastic 

material comprises a mocfified polyphenylene ether. 

6. The article of footwear according to claim 1, whodn sakl plastic 
niatMial c(Hiq>rises a foamed plastic material. 

7. The articte of footwear according to daim 6, wtoein said foamed 
25 plastic material is formed by use of a chemical or phyacal blowing agent. 

8. The articte of footwear according to claim 7, wher^ said chenucal 
or physical blowtag agem is selected from the group consisting of aliphatic 
hydrocarbons and their chlon)- and fluoio-derivatives including isomers of pentane, 
hexane and hq>tane. fluorocaibons, trichlorofluoromethane, dichlortxfiflttorometh- 

30 ane, dichloictetiafluoroediane, monochloridifluorom^hane, methylene chloride. 
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cait>on dioxide, nitrogen, sodium bicaibonate, dinitros<^tamethylene-tetramine, 
sulfonyl hydiazides, azod dicaibonamide, p-toluenesulfonyl semicaiinzide, 5- 
phenyltetrazole, dils<H)ropyUjydrazodicarobxylate. sodium borohydrite. and water. 

9. The aiticle of footwear according to claim 7, wherein the thermal 
range of decomposition of said chemical or physical blowing agent is lowered by 
the addition of an accelerating agent 

10. The article of footwear according to claim 6, wherein said foamed 
plastic material comprises an open-celled foam mateiiaL 

1 1 . The article of footwear according to claim 6, whmin said foamed 
plastic material comprises a closed-ceUed foam material. 

12. The article of footwear according to claim 1 , wherein said relatively 
elastic material comprises a foamed rubber material. 

13. The article of footwear according to claim 12, whernn said foamed 
robber material is formed by use of a chemical or physical blowing agem. 

14. The article of footwear according to claim 13, whoein said 
chemical or physical blowing agent is selected from the group consisting of 
aliphatic hydiocaibons and their chloro- and fluoro-derivatives including isomers 
of pentane, hexane and heptane, fluotocarbons, trichlorofluoromethane, dichlorodi- 
fluoromethane, dichloiotetrafluoroethane, monochlorodifluoromethane, methylene 
chloride, carbon dioxide, nitrogen, sodium bicarbonate, azodicaibonamide, p: 
toluenesulfonyisemicarbazide,5-phenyltetiazole,diisopropylhydiazodicaiboxylate. 

sodumi borohydrite, and water. 

15. Tiwarticleof footwear acconfing to claim 14, whradntiicthennal 

range of decomposition of said chemical or physical blowing agent is towered by 
the addition of an accelerating agent. 

16. The article of footwear according to claim 12, whernn said foamed 
nxbbet material coiiq)rises an c^-celled foam materiaL 

17. The article of footwear according to claim 12, wherran said foamed 
rubber material comprises a closed-celled foam matoial. 

18. The aiticle of footwear according to claim 1 wherdn said outsole 
comprises means for flexibility about select lines of flexion. 
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19. An article of footwear comprising a traction element comprising " 
relatively elastic material chemically bonded to relatively inelastic material. 

20. The article of footwear according to claim 19, wherein said traction 
element comprises a detachable cleat. 

21. An article of footwear comprising a closure means consi^g 
essentially of a relatively inelastic and relatively elastic material chemically bonded 
together. 

22. The article of footwear according to claim 21 , wherein said closure 
means comprises strapping means for stnCTing drticl^ of fxxwear. 

23. The article of footwear according to claim 1, wherein said outsole 
comprises means for flexibility about select arcuate lines of flexion. 

24. An article of footwear comprising an element consisting essentially 
of a relatively inelastic material chemically bonded to a relatively elastic material, 
said elemCTt further comprising an at least partially planar plastic plate substantial- 
ly underiying at least a portion of an outsole, said plate comprisii^ at least one 
portion of relatively elastic material as a cushioning means for providing 
cushioning. 

25. The article of footwear according to claim 24, wherein said element 
comprises a moderator plate affixed to at least a portion of a footwear outsole. 

26. The article of footwear according to claim 24, wherein said demerit 
comprises a moderator plate affbced to at least a portimi of a footwear midsole. 

,27. The article of footwear according to claim 26, wberein said 
moderator plate is at least partially encapsulated within said midsole. 

28. Tliearticleof footwear accordfag to claim 1, wherein said outsole 
includes at least a sidewall about tiie area of die midfocA, said sidewall comprising 
at least a portion of said relatively elastic material. 

29. The article of footwear according to claim 1, said article of foom^ear 
farther comprising a stabiUty device consisting essentiafly of relatively inelasdc 
material chemically bonded to said outsole. 

30. The article of footwear according to claim 23, wherein said 
str^ing means comprises a strap which farther comprises a least a plastic 
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material which is chemically bonded to a rubber material about the area of 
inseition of said strap to a footwear outsole, said outsole comprising at least a 
plastic material about said area of insertion. 

31 . The article of footwear according to claim 1, wherdn said article 
of footwear further comprises a heel counter consisting essentially of a plastic 
material chemically bonded to said outsole. 

32. The article of footwear according to claim 1, wherein said article 
of footwear further comprises a stability device consisdng essentially of a plastic 
material which is chemically bonded about the lateral aspect of the midfoot to said 
outsole. 

33. An article of footwear comprising an element consisting essentially 
of a plastic material chemically bonded to a ruU)er material, said element further 
comprising articulating means for articulating at least a portion of a footwear 
upper. 

34. The article of footwear according to claim 21, whereia said closure 
means comprises a restraint for a shoe lace conqirising a plastic material eyelet 
chemically bonded at least in part to a rubber matmal* 

35. Tte article of footwear according to daim 1 , wherein said relatively 
inelastic material is modified to facilitate a chemical bond with said relatively 
elastic material. 

36. The article of footwear according to claim 1 , wh^ein said relatively 
elastic material is modified to fecilitate a ch»iical bond with said relatively 
inelastic material. 

37. The article of footwear according to claim 1 , wh^rin said relatively 
inelastic and said rdatively elastic material are mocfified to fiadlhate the chemical 
bond therd)etween. 

3g. The article of footwear according to claim 35, whmin said 
relativdy inelastic material comprises a plastic material sdected from the group 
conasting of thermoplastic polyuretiiane, polyamsde, poly^ylene, nitrile, 
polyvinyl chloride, ethylene vinyl acetate (EVA), polyester, polycarbonate, 
propylene, polypropylene, polyphenylrae ^r, styrene, vinyl, nitrile, poly^r 
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block amid (PEBAX), TYVEC, TEFLON, TEDLAR, MYLAR, MIUNEX 
HYPALON. and LEXANE. 

39. The article of footwear according to claim 38, wherein said plastic 
material is modified with a functional moiety from the group consisting of an 

5 amine, a hydroxyl group, a thiol group, a carlwxyl group, an isocyanide group, 

an cpoxy group, an ether group, an aldehyde group, a borane group, a silicon 
group and groups derived therefrom such as urethane group, an ester group, an 
amide group, an ammonium salt group and a metal carboxylate group. 

40, The article of footwear according to claim 36, wherein said 
10 relatively elastic material comprises a rubber material selected from the group 

consisting of siyrene butadiene rubber, styrene butadiene rubber / natural rubber, 
ethylene propylene diene monomer (EPDM)/ styrene Imtadiene, carboxylatwl 
nitrite robber, polyisopreM rubber, miUiable urethane, polychloroporenes, 
thermoplastic robber, latex, and silicone robber. 
j5 41. Thearticleof footwear according to claim 40, wherein said robber 

material is modified with a maleic compound selected from the group consisting 
of maleic acid, maleic anhydri(fe, half aDcyl ester of maleic acid, maleic amide and 
maleic imide. 

42. The article of footwear accordmg to claim 41 , wherein said maldc 
20 compound is maleic anhydride. 

43. The article of footwear according to claim 42, wherein said 
modified robber material conqirises a 1,2 polybutadiene polymer aAhicted with 
maleic anhydride. 

44. Tbe article of footwear according to claim 37, wherein said 
25 relatively inelastic material comprises a plastic mat^ial selected from the group 

consisting of thermoplastic polyurethane, polyamide, polyethylene, nitrile, 
polyvinyl chloride, ethylene vinyl acetate (EVA), polyester, polycarbonate, 
propylene, polypropylene, polyphenylene ether, styrene, vinyl, nitrile, polyether 
block amid (PEBAX), TYVEC, TEFLON, TEDLAR, MYLAR, MttlNEX 
30 HYPALON, and LEXANE. 
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45. The aiticle of footwear according to claim 37, wherein said 
relatively ela^c material comprises a rubber material selected from the group 
consisting of oyrene butadiene rubber, styrene butadiene rubber / natural rubber, 
ethylene propylene diene monom^ (EPDM)/ styrene butadirae, carboxylated 
nitrite rubber, polyisoprene mbbcr, milliable urethane, polychloroporenes, 
thermoplastic rubber, latex, and silicone rubber. 

46. The article of footwear according to claim 44, wherein said plasdc 
material is modified with a functional moi^ selected from the group consisting 
of an amine, a hydroxyl group, a thiol group, a carboxyl group, an isocyanide 
group, an ^xy group, an ether group, an aldehyde group, a borane group, a 
silicon group and groups derived therefrom such as a ur^hane group, an ester 
group, an amide group, an ammonium salt group and a m^ caiboxylate group. 

47. The article of footwear according to claim 44, wherem said rubber 
material is modified with a mateic compound selected from the grwp consisting 
of maleic acid, maleic anhydride, half alkyl ester of maleic acid, maleic amide and 
maleic imide. 

48. Tte aiticte of footwear according to claim 47, wherein said maleic 
compound is maleic anhydricfe. 

49. The aiticte of footwear according to claim 48, wherein said 
modified iuU)er material comprises a 1,2 polybutadiene polymer adducted with 
maleic anhydricte iq)resented. 
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AMENDED CLAIMS 

[received by the International Bureau . 
on 10 May 1994 (10.05.94); 
original claims 1-49 replaced by amended claims 1-64 

(10 pages)] 

1. An article of footwear conq)rising an outsole comprising relatively 
inelastic material chemically bonded using incorporated reactive functional groins 
to relatively elastic material wherein the relatively inelastic and relatively elastic 
materials are arranged to in5)art flexibility to the outsole. 

2. The article of footwear according to claim 1 , wherein said relatively 
elastic material comprises a rubber materfal selected from the group consisting of 
styiene butadiene rubber (SBR), natural rubbers (NR), styrene butadiene rubber 
/ natural rubber (SBR/NR), ethylene propylene dicne monomer / styrene butadiene 
(EPDM/SBR), carboxylated mtrile rubber (XNBR), polyisoprene rubber (IR), 
milliable uretiiane, polycWoroporcnes (neoprene), chlorosulfonated polyethylene, 
Uiermoplastic rubber, latex, and silicone rubber. 

3. The article of footwear according to claim 2, wherein said rubber 

comprises a carbon black. 

4. The article of footwear accordmg to claun 1 , wherein said relatively 
inelastic material conq)rises a plastic material selected from the group consisting 
of fliermoplasticpolyurethaM, polyamide, polyethylene, mtrile, polyvinyl chloride, 
ethylene vinyl acetate, polyester, polycarbonate, polypropylene, polyphenyleM 
ether, styrene, vmyl, polyester block amide, tetrafluoroethylene, fluoropolymers, 
thermoplastic polyester, chlorosulfonated polyethylene and polycarbonates. 

5. The article of footwear according to claim 4, wherein said plastic 
material comprises a modified polyphenylene ettier. 

6. The article of footwear according to claim 1, wherem said relatively 
inelastic material comprises a foamed plastic material. 

7. The article of footwear according to claim 6, wherein said foamed 
plastic material is formed by use of a chemical or physical blowing agent. 

8. The article of footwear according to claim 7, wherem said chemical 
or physical blowing agent is selected from die group coiisisting of aliphatic 
hydrocarbons and their chloro- ami fhioro-derivatives including isomers of pentaiK, 
hexane and heptane, fluorocarbons, trichlorofluoromediane, dichlorodifhioromedi- 
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ane, didilorotetrafluoroethane, monodiloridifluoromethane, methylene chloride, 
carbon dioxide, nitrogen, sodium bicarbonate, dinitrosopentamethylene-tetramine, 
sulfonyl hydrazides, azod dicarfoonamide, p-toluenesulfonyl semicarbazide, 5- 
, phenyltetrazole, dilsopropylhydrazodicarobxylate, sodhmi borohydrite, and water. 

9. The article of footwear according to claim 7, wherein the thermal 
range of decomposition of said chemical or physical blowing agent is lowered by 
the addition of an accelerating agent. 

10. The article of footwear according to claim 6, wherein said foamed 
plastic material conq)rises an open-celled foam material. 

11. The article of footwear according to claim 6, wherein said foamed 
plastic material comprises a closed-celled foam material. 

12. The article of footwear according to claim 1 , wherein said relatively 
elastic material comprises a foamed rubber material. 

13. The article of footwear according to claim 12, wherem said foamed 
rubber material is formed by use of a chemical or physical blowing agent. 

14. The article of footwear accordmg to claim 13, wherein said 
chemical or physical blowing agent is selected from the group consisting of 
aliphatic hydrocarbons and their chloro- and fluoro-derivatives includiiig isomers 
of pentane, hexane and heptane, fluorocarbons, trichlorofluoromethane, dichlorodi- 
fluoromethane, dichlorotetrafluoroethane, monochlorodifluoromethane, methylene 
chloride, carbon dioxide, nitrogen, sodium bicarbonate, azodicarbonamide, p- 
tolueriesulfonylseiiucaibaride,5-phenyltetrazole,diisopn)pylhydnax)dica^ 

sodium borohydrite, and water. 

15. The article of footwear according to claim 14, wherein the thermal 
range of deconq)osition of said chemical or physical blowing agent is lowered by 
the addition of an accelerating agent. 

16. The article of footwear according to claim 12, wherem said foamed 
rubber material comprises an open-celled foam material. 

17. The article of footwear according to claim 12, wherein said foamed 
rubber material conq)rises a closed-celled foam material. 
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18. The article of footwear according to claim 1 wherein said outsole 
comprises means for flexibility about select lines of flexion. 

19. An article of footwear comprising a traction elmient con5)rising 
relatively elastic material chemically bonded using mcorporated reactive functional , 
groups to relatively inelastic material. 

20. The article of footwear according to claim 19, wherein said traction 
element conq>rises a detachable cleat* 

2L An article of footwear comprising a closure means consisting 
essentially of a relatively inelastic and relatively elastic material chemically bonded 
together using incorporated reactive functional groups. 

22. The article of footwear according to clann 21 , wherein said closure 
means comprises strapping means for strapping said ardcle of footwear. 

23. The article of footwear according to claim 1 , wherein said outsole 
comprises means for flexibility about select arcuate lines of flexion. 

24. An article of footwear comprising an element consisting essentially 
of a relatively inelastic material chemically bonded using incorporated reactive 
functional groups to a relatively elastic material, said element further comprising 
an at least partially planar plastic plate substantially overlying at least a portion of 
an outsole, said plate comprising at least one portion of relatively elastic material 
as a cushioning means for providing cushiorung. 

25. Tte article of footwear according to claim 24, wherein said element 
comprises a moderator plate affixed to at least a portion of a footwear outsole. 

26. The article of footwear according to claim 24, wherein said element 
con5>rises a moderator plate affixed to at least a portion of a footwear midsole. 

27. The article of footwear according to claim 26, wherein said 
moderator plate is at least partially encapsulated within said midsole. 

28. The article of footwear accordmg to clann 1, wherein said outsole 
includes at least a sidewall about the area of the midfoot, said sidewall comprising 
at least a portion of said relatively elastic material. 

29. The article of footwear according to claim 1 , said article of footwear 
further con:q)rising a stability device consisting essentially of relatively inelastic 
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material chemically bonded using incorporated reactive functional groups to said 
outsole. 

30. The article of footwear according to claim 22, wherein said 
strapping means comprises a strap which further comprises at least a plastic 
material which is chemically bonded using incorporated reactive functional groups 
to a rubber material about the area of insertion of said strap to a footwear outsole, 
said outsole comprising at least a plastic material about said area of insertion. 

31. The article of footwear according to claim 1, wherein said article 
of footwear further comprises a heel counter consisting essentially of a plastic 
material chemically bonded using incorporated reactive functional groups to said 
outsole. 

32. The article of footwear according to claim 1, wherein said article 
of footwear further comprises a stability device consistiiig essentially of a plastic 
material which is chemically boiuled using incorporated reactive functional groups 
about the lateral aspect of die midfoot to said outsole. 

33. An article of footwear coiqmsing an element consisting essentially 
of a plastic nuiterial chemically bonded using incorporated reactive functional 
groups to a rubber material, said element further comprising articulating means for 
articulating at least a portion of a footwear v^pcr. 

34. The article of footwear accordmg to claim 21 , wherein said closure 
means conq>rises a restraint for a shoe lace cQnq)rising a plastic material eyelet 
chemically bonded using incorporated reactive functional groiq)s at least in part to 
a rubber material. 

35 . The article of footwear according to claim 1 , wherem said relatively 
inelastic material is modified by irK^orporating reactive functional groups to 
facilitate a chemical bond with said relatively elastic material. 

36. The article of footwear according to claim 1 , wherein said relatively 
elastic material is modified by incorporating reactive functional groups to facilitate 
a chemical bond with said relatively inelastic material. 
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37. The article of footwear according to claim 1 , wherein said relatively 
inelastic and said relatively elastic material are modified by incorporating reactive 
functional groups to facilitate the chemical bond therebetween. 

38. The article of footwear according to claun 35, wherefai said 
relatively inelastic material comprises a plastic material selected from the group 
consisting of thermoplastic polyurethane, polyamide, polyethylene, nitrile, 
polyvinyl chloride, ethylene vinyl acetate, polyester, polycarbonate, polypropylene, 
polyphenylene ether, styrene, vinyl, polyester block amide, tetrafluoroethylene, 
fluoropolymCTS, thermoplastic polyester, chlorosulfonated polyethylene and 
polycarbonates. 

39. Hie article of footwear according to claim 38, wherein said plastic 
material is modified with a functional moiety from the group consisting of an 
amine, a hydroxyl group, a thiol group, a carboxyl group, an isocyanide groi^, 
an epoxy group, an ether group, an aldehyde groi^, a borane groiq>, a silicon 
group and groups derived therefrom, such as urethane group, an ester groiq), an 
amide group, an ammonium salt group and a metal carfooxylate groxq>. 

40. Tlie article of footwear according to claim 36, wherein said 
relatively elastic material comprises a rubber material selected from the groixp 
consisting of styrene butadiene rubber (SBR), natural rubbers (NR), styrene 
butadiene rubber / natural rubber (SBR/NR), ethylene propylene diene monomer 
/ styrene butadiene (EPDM/SBR), carboxylaied nitrile rubber (XNBR), 
polyisoprene rubber (IR), milliable urethane, polychloroporenes (neoprene), 
chlorosulfonated polyethylene, thermoplastic rubber, latex, and sUicone rubber. 

41. The article of footwear according to claim 40, wherein said rubber 
material is modified with a maleic compound selected from the group consisting 
of maleic acid, maleic anhydride, half alkyl ester of maleic acid, maleic amide and 
maleic imide. 

42. Hie article of footwear according to claim 41, wherein said maleic 
compound is maleic anhydride. 
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43. The article of footwear according to claim 42, wherein said 
modified rubber material comprises a 1,2 polybutadiene polymer adducted with 
maleic anhydride. 

44. The article of footwear according to clami 37, wherein said 
relatively melastic material comprises a plastic material selected finom the group 
consisting of thermoplastic polyurethane, polyamide, polyethylene, nitrile, 
polyvinyl chloride, ethylene vinyl acetate, polyester, polycarbonate, polypropylene, 
polypheiQ^lene ether, styrene, vinyl, polyester block andde, tetrafluoroethylene, 
fluoropolymers, thermoplastic polyester, cMorosulfonated polyethylene and 
polycarbonates. 

45. The article of footwear according to claim 37, wherem said 
relatively elastic material comprises a rubber material selected from the group 
consisting of styrene butadiene rubber (SBR), natural rubbers (NR), sQnrene 
butadiene robber / natural rubber (SBR/NR), efliylene propylene diene monomer 
/ styrene butadirae (EPDM/SBR), caiboxylated nitrile rubber (XNBR), 
polyisoprene rubber (IR). milliable urethane, polycMoroporenes (neoprcr^), 
chlorosulfonated polyethylene, thermoplastic rubber, latex, and silicone rubber. 

46. The article of footwear according to claim 44, wherein said plastic 
material is modified with a fiiiK^tional moiety selected from the group consisting 
of an amine, a hydroxyl group, a thiol groiq), a carboxyl group, an isocyanide 
group, an epoxy gcoap. an ether group, an aldehyde group, a borane groiq), a 
silicon group and groups derived therefrom such as a methane group, an ester 
group, an amide groiq), an ammonhnn salt group wd a metal carboxylate group. 

47. The article of footwear according to clann 45, wherein said rubber 
material is modified with a maleic compound selected ftom the group consisting 
of maleic acid, maleic anhydride, half alkyl ester of maleic acid, maleic amide and 
maleic imide. 

48. The article of footwear accordmg to claim 47, wherein said maleic 
compound is maleic anhydride. 
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49. The article of footwear according to claim 48, wherein said 
modified rubber material comprises a 1,2 polybutadiene polymer adducted with 
maleic anhydride. 

50. A method of making an element of an article of footwear, said 
element comprised of relatively iMlastic material chemically bonded to relatively 
elastic material, comprising the steps of 

(a) modifyiAg the relatively inelastic material with a functional moiety 
to incorporate reactive functional groups; and 

(b) employing the reactive functional groups incorporated therein to 
facilitate a chemical bond between the relatively inelastic material 
and the relatively elastic material, thereby forming the element of 
the article of footwear. 

51 . The method according to Claim 50 wherem said relatively inelastic 
material comprises a plastic material selected from the group consisting of 
thennoplastic polyuretiiane, polyamide, polyethylene, nitrile, polyvinyl chloride, 
etiiylene vii^rl acetate, polyester, polycarbonate, polypropylene, polyptenylene 
ether, styrene, vinyl, polyester block amide, tetrafluoroethylene, fluoropolymers, 
tiiermoplastic polyester, chlorosulfonated polyethylene and polycarbonates. 

52. The method according to Qaim 5 1 , wherein said relatively inelastic 
material is modified with a functional moiety from the group consisting of an 
amine, a hydroxyl group, a thiol group, a carboxyl group, an isocyanide group, 
an epoxy group, an ether group, an aldehyde groiq), a borane groiq>, a silicon 
group and groups derived therefrom such as an urethane gK>q), an ester group, an 
amide group, an ammonium salt group and a metal carboxylate group. 

53. The method accordnig to Claim 52 wherein said relatively elastic 
material comprises a rubber material selected from the group consisting of styrene 
butadiene rubber (SBR), natural robbers (NR), styrene butadiene nibber/natural 
rubber (SBR/NR), ethylene propylene diene monomer/styrene butadiene robber 
(EPDM/SBR), carboxylated nitrile robber (XNBR), polyisoprene robber (IR), 
milliable methane, polychloroporenes (neoprene), chlorosulfonated polyethylene, 
thermoplastic rubber, latex, and silicone robber. 
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54. A method of making an element of an article of footwear, said 
element comprised of relatively inelastic material chemically bonded to relatively 
elastic material, comprising the steps of 

(a) modifying the relatively elastic material with a functional moiety to 
incorporate reactive functional groups; and 

(b) employing the reactive functional groups incorporated therein to 
facilitate a chemical bond between the relatively inelastic material 
and the relatively elastic material, thereby forming the element of 
the article of footwear. 

55. The method accordmg to Clann 54 wherein said relatively elastic 
material conq)rises a rubber material selected from the groMp consisting of styrene 
butadiene rubber (SBR), natural rubbers (NR), styrene butadiene rubber/natural 
rubber (SBR/NR), ethylene propylene diene monomer/styrene butadiene rubber 
(EPDM/SBR), carboxylated nitrile rubber (XNBR), polyisoprene rubber (IR), 
miUiable urethane, polychlorpporenes.(r^prcne), chlorosulfonated polyethylene, 
thermoplastic rubber, latex, and siltcoi^ rubber. 

56. The method accordu^ to Claim 55 wherein said relatively elastic 
material is modified with a functional moiety selected from the group consisting 
of an amine, a hydroxyl group, a thiol group, a carboxyl group, an isocyanide 
group, an epoxy. group, an ether group, an aldehyde group, a borane group, a 
silicon group and groiQ)s derived therefrom such as an urethane group, an ester 
group, an amide group, an ammonium salt group and a metal carboxylate group, 
and a maleic compound. 

57. The method according to Clahn 56 wherein said relatively inelastic 
material coiiQ}rises a plastic material selected from the group consisting of 
thermoplastic polyurethane, iwlyamide, polyethylene, nitrile, polyvinyl chloride, 
ethylene vinyl acetate, polyester, polycarbonate, polypropylene, polyphenylene 
ether, styrene, vii^rl, polyester block amide, letrafhioroethylene, fluoropolymers, 
thermoplastic polyester, chlorosulfonated polyethylene and polycarbonates. 

58. The method according to Claim 57 wherein said rubber material is 
modified with a maleic compound selected from the group consisting of maleic 
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acid, maleic anhydride, half alkyl ester of maleic acid, maleic amide and maleic 
imide. 

59. A method of making an element of an article of footwear, said 
element conqmsed of relatively inelastic material chemically bonded to relatively 
elastic material, comprising the stq)S of 

(a) modifying the relatively melastic material with a functional moiety 
to mcorporate a first set of reactive functional groups; 

(b) modifymg the relatively elastic material whh a functional moiety to 
incorporate a second set of reactive functional groups; and 

(c) employing the first aiKi secoiri sets of reactive functional groups to 
fecilitate a chemical bond between the relatively inelastic material 
and the relatively elastic material, thereby forming the element of 
the article of footwear. 

60. The method accordmg to Qahn 59 wherein said relatively ir^lastic 
material conq)rises a plastic material selected from the groiq) consisting of 
thermoplastic polyuretiiane, polyamide, polyethylene, nhrile, polyvinyl chloride, 
ettiylene vinyl acetate, polyester, polycarbonate, polypropylene, polypheiqrlene 
etiier, styrene, vhnyl, polyester block amide, tetrafluoroethylene, fluoropolymers, 
tiiermoplastic polyester, cUorosulfonated polyethylene and polycarbonates. 

61. The method according to Clahn 60, where said relatively inelastic 
material is modified witti a functional moiety from the group consisting of an 
amine, a hydioxyl group, a thiol group, a carboxyl groi^, an isocyanide gvoup, 
an epoxy gioiq), an ether graap, an aldehyde group, a borane group, a silicon 
group and groups derived therefrom such as an methane gjroup, an ester groiq>, an 
amide group, an ammonium salt group and a metal carboxylate group. 

62. The method according to Claim 61 wherein said relatively elastic 
material comprises a rubber material selected from die group consisting of styrene 
butadiene rubber (SBR), natural rubbers (NR), styrene butadiene rubber/natural 
rubber (SBR/NR), ethylene propylene diene monomer/styrene butadiene rubber 
(EPDM/SBR), cart)0xylated nitrile rubber (XNBR). polyisopiene rubber (IR), 
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milliable urethane, polychloroporenes (neoprene), chlorosulfonated polyethylene, 
thennoplastic robber, latex, and silicone rubber. 

63. The method according to Clahn 62 wherein said relatively elastic 
material is modified with a functional moiety selected from the groap consisting 
of an amine, a hydroxyl group, a thiol group, a caiboxyl group, an isocyanide 
group, an epo^ group, an ether group, an aldehyde grwp, a borane group, a 
silicon group and groups derived dierefirom such as an urethane group, an ester 
group, an amide group, an ammonium salt group and a metal carboxylate group, 
and a maleic compound. 

64. TTie method according to Claim 63 wherein said rubber material is 
modified with a maleic con^und selected from the group consisting of maleic 
acid, maleic anhydride, half alkyl ester of maleic acid, maleic amide and maleic 
imide. 
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